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REPORT  OF  THE  SPECIAL  COMMISSION  IN- 
VESTIGATING SYSTEMS  OF  SEWERAGE 
AND  SEWAGE  DISPOSAL  IN  THE  NORTH 
AND  SOUTH  METROPOLITAN  SEWERAGE 
DISTRICTS  AND  THE  CITY  OF  BOSTON. 


Boston,  Mass.,  June  15,  1939. 

To  the  Honorable  Senate  and  House  of  Representatives  of  Massachusetts 
in  General  Court  assembled. 

The  Special  Unpaid  Recess  Commission,  created  by 
chapter  79  of  the  Resolves  of  1938,  instructed  to  investi- 
gate systems  of  sewerage  and  sewage  disposal  in  Metro- 
politan Boston,  has  completed  its  investigation  and 
herewith  submits  its  report. 

The  chapter  under  which  the  Commission  was  created 
is  as  follows: 

Resolved,  That  a  special  commission,  to  consist  of  two  members  of 
the  senate  to  be  designated  by  the  president  thereof,  five  members 
of  the  house  of  representatives  to  be  designated  by  the  speaker  thereof, 
the  state  commissioner  of  public  health,  the  commissioner  of  the 
metropolitan  district  commission,  the  director  of  the  sewerage  divi- 
sion of  the  metropolitan  district  commission,  the  director  of  the  divi- 
sion of  sanitary  engineering  of  the  state  department  of  public  health 
and  the  division  engineer  of  the  sewer  division  of  the  public  works 
department  of  the  city  of  Boston,  is  hereby  established  for  the  purpose 
of  making  an  investigation  relative  to  the  systems  of  sewerage  and 
sewage  disposal  in  the  north  and  south  metropolitan  sewer  districts 
and  in  the  city  of  Boston  with  a  view  to  determining  the  necessity  or 
advisability  of  making  changes  in,  or  additions  to,  such  systems  so  as 
to  provide  more  adequate  works  for  the  disposal  of  sewage  from  said 
districts  and  said  city,  and  to  otherwise  improve  said  systems.  In 
making  said  investigation,  said  special  commission  shall  consider  the 
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subject  matter  of  current  senate  documents  numbered  seventy-two 
and  two  hundred  and  sixteen,  of  current  house  documents  numbered 
forty-seven  and  one  hundred  and  eighty-seven  and  of  house  document 
numbered  sixteen  hundred  of  nineteen  hundred  and  thirty-seven. 
Said  special  commission  may  employ  such  engineering  and  other  as- 
sistants and  may  incur  such  expenses  as  may  be  necessary  to  carry  out 
the  purposes  of  this  resolve,  and  for  said  purposes  said  special  commis- 
sion may  expend  such  sums,  not  exceeding,  in  the  aggregate,  twenty- 
five  thousand  dollars,  as  may  hereafter  be  appropriated  therefor.  Said 
special  commission  shall  report  to  the  general  court  the  results  of  its 
investigation  hereunder,  and  its  recommendations,  together  with 
maps,  plans  and  estimates  of  the  cost  of  any  changes  in  or  additions  to 
existing  sewer  systems  or  outlets  or  sewage  disposal  works  that  it  may 
deem  necessary  or  desirable,  and  drafts  of  legislation  necessary  to 
carry  its  recommendations  into  effect,  by  filing  the  same  with  the  clerk 
of  the  house  of  representatives  on  or  before  the  first  Wednesday  of 
December  in  the  current  year.  Approved  June  28,  1938. 

Extension  of  Time. 

The  General  Court,  in  special  session  on  October  28,. 
1938,  adopted  a  joint  order  extending  the  time  within 
which  the  Commission  may  file  its  reports  with  the  clerk 
of  the  House  of  Representatives,  until  the  third  Wednes- 
day in  January  of  the  current  year. 

The  order  adopted  is  as  follows : 

Ordered,  That  the  time  be  extended  to  the  third  Wednesday  of 
January  in  the  year  nineteen  hundred  and  thirty-nine,  within  which 
the  General  Court  will  receive  the  report  of  the  several  unpaid  special 
commissions  and  joint  special  committees  required  to  report  prior  to' 
said  third  Wednesday  under  authority  of  the  several  chapters  of  the 
Resolves  and  the  several  orders  of  the  General  Court  of  the  current 
3^ear;  and  during  such  extended  time  said  commissions  and  committees 
are  hereby  authorized  to  expend  any  unexpended  balances  of  their 
respective  appropriations. 

Subsequent  orders,  adopted  by  the  House  of  Repre- 
sentatives and  by  the  Senate,  extended  further  the  time 
during  which  the  Commission's  report  might  be  received, 
fixing  the  date  of  filing  for  June  15,  1939. 

Organization. 

Pursuant  to  the  provisions  of  the  resolve  creating  the 
Special   Commission,   the   President   of   the   Senate   ap- 


1939.]  HOUSE  — No.  2465.  11 

pointed  Senators  Harris  S.  Richardson  of  Winchester 
and  Joseph  P.  Donahoe  of  Dorchester  to  the  Commis- 
sion. The  Speaker  of  the  House  of  Representatives 
named  Representative  Joseph  A.  Milano  of  Melrose, 
Representative  William  A.  Hastings  of  Maiden,  Repre- 
sentative Joseph  L.  Whiton  of  Quincy,  Representative 
Albert  E.  Morris  of  Everett  and  Representative  George 
F.  McMahon  of  Boston.  Pending  the  appointment  of 
Paul  J.  Jakmauh,  M.D.,  Commissioner  of  Public  Health, 
on  December  9,  1938,  Deputy  Commissioner  Dr.  Alton 
S.  Pope  was  a  member  of  the  Commission.  Commis- 
sioner Eugene  C.  Hultman,  chairman  of  the  Metropolitan 
District  Commission;  Joseph  P.  Dever,  director  of  the 
Sewer  Division  of  the  Metropolitan  District  Commission; 
Arthur  D.  Weston,  director  of  the  Division  of  Sanitary 
Engineering  of  the  State  Department  of  Public  Health; 
and  Robert  P.  Shea,  division  engineer  of  the  Sewer  Divi- 
sion of  the  Public  Works  Department  of  the  city  of 
Boston,  were  named  to  the  Commission  under  the 
terms  of  the  resolve. 

Acting  in  accordance  with  a  decision  given  him  by  the 
legal  counsel  to  the  Senate,  the  President  of  the  Senate, 
on  January  18,  1939,  appointed  Senator  Bernard  L. 
Sullivan  of  Chelsea  to  the  Commission  in  the  place  of 
Senator  Donahoe,  whose  failure  to  seek  re-election  to 
the  General  Court  terminated  his  membership  on  the 
Commission  as  of  the  date  the  new  Legislature  convened. 

The  Special  Unpaid  Commission  organized  at  a  meet- 
ing held  in  Room  433,  State  House,  Boston,  August  23, 
1938,  and  elected  Senator  Harris  S.  Richardson  of  Win- 
chester, chairman;  Representative  Joseph  A.  Milano  of 
Melrose,  vice-chairman;  and  Arthur  W.  Woodman  of 
Medford,  secretary. 

The  Study. 

The  Commission  made  a  detailed  analysis  of  the  gigan- 
tic problem  confronting  it  before  any  definite  steps  were 
taken  for  mapping  a  program  of  action. 

The  Commission  felt  that  the  following  items  merited 
first  consideration  of  the  members: 
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(a)  Extent  of  pollution  by  sewage  from  either  the 
North  Metropolitan  Sewerage  District,  the  South 
Metropolitan  Sewerage  District,  or  the  Boston  Main 
Drainage  District,  and  the  need  of  sewage  treatment 
works  in  Boston  Harbor. 

(b)  Adequacy  of  the  present  sewerage  systems  in  the 
North  and  South  Metropolitan  Sewerage  districts  and 
Boston  Main  Drainage  District. 

(c)  Public  sentiment  relative  to  improving  systems 
of  sewerage  and  sewage  disposal. 

(d)  Survey  of  existing  systems  of  sewerage  and  sew- 
age disposal  of  North  and  South  Metropolitan  Sewer- 
age districts  and  Boston  Main  Drainage  District. 

(e)  Studies  of  present  sewage  disposal  methods. 

(/)  Inspection  of  modern  sewage  treatment  and  dis- 
posal works. 

(g)  Comparative  costs  of  treatment  and  disposal 
methods. 

(h)  Cost  of  sewage  treatment  and  disposal  works  for 
North  and  South  Metropolitan  Sewerage  districts  and 
Boston  Main  Drainage  District. 

(i)    Methods  of  financing  any  improvements. 

Public  Hearings.  —  The  Commission  started  its  work 
with  the  conduct  of  several  public  hearings  held  in  the 
State  House,  the  Quincy  city  hall  and  the  Winthrop 
town  hall.  The  hearings  in  Quincy  and  Winthrop  were 
held  during  the  evening  hours  to  obtain  a  more  repre- 
sentative group  of  witnesses. 

In  Quincy  and  Winthrop  audiences  taxed  the  capacity 
of  the  halls.  In  Quincy  it  was  necessary  to  transfer  the 
meeting  from  the  city  hall  to  the  high  school  auditorium 
in  order  to  accommodate  all  interested  in  the  pollution 
problem. 

During  the  hearings,  residents  of  the  shore-line  com- 
munities expressed  alarm  at  conditions  in  Boston  Harbor. 
They  did  not  request  —  they  demanded  correction. 

The  Commission  was  repeatedly  told  that  conditions 
in  Boston  Harbor  are  revolting  to  the  esthetic  sensibilities 
and  violate  all  public  health  requirements. 
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Witnesses  appearing  before  the  Commission  described 
many  skin  diseases  which  they  held  directly  traceable  to 
pollution  in  the  harbor. 

The  Commission,  in  view  of  the  testimony  obtained 
from  witnesses  at  all  hearings,  does  not  dispute  the  state- 
ment in  House,  No.  1600  of  1937,  that  "It  has  been  the 
experience  of  the  Department  of  Public  Health  that  it  is 
very  difficult  to  prove  any  increase  in  the  prevalence  of 
communicable  disease  by  the  use  of  polluted  water  for 
bathing;  but  regardless  of  the  absence  of  facts  in  this 
connection  it  is  obviously  wrong  to  encourage  bathing  in 
waters  containing  sewage." 

The  Commission  feels  that  when  mothers,  physicians 
and  health  officers  —  all  of  whom  testified  before  us  — 
believe  disease  can  be  traced  to  polluted  water,  then 
steps  must  be  taken  to  stop  pollution.  We  are  of  the 
opinion  the  public  is  entitled  to  correction  of  this  nuisance. 

During  hearings  the  Commission  was  repeatedly  ad- 
monished to  study  the  various  methods  employed  in 
sewage  treatment  elsewhere,  as  a  means  of  eliminating 
pollution  in  Boston  Harbor. 

The  public,  taxpayers  large  and  small,  demanded  we 
propose  a  program  for  harbor  pollution  correction. 

In  keeping  with  the  public  demand  for  improvements 
in  the  Metropolitan  District,  our  Commission  conducted 
its  study  with  a  view  to  presenting  a  definite  program  to 
eliminate  the  present  pollution  in  Boston  Harbor. 

Inspections  in  Metropolitan  Boston.  —  Following  the 
hearings,  the  Commission  devoted  three  full  days  to 
making  detailed  investigations  of  the  physical  layout  of 
the  North  Metropolitan  Sewerage,  the  Boston  Main 
Drainage  and  the  South  Metropolitan  Sewerage  systems. 

In  each  system  the  Commission  traveled  the  territory 
served  by  each  sewer  line,  inspected  pumping  stations, 
observed  contours  of  the  territory,  and  witnessed  condi- 
tions at  the  inland  overflows  as  well  as  at  the  harbor 
outlets. 

The  Commission  was  alarmed  by  the  discharge  of  raw 
sewage  into  the  waters  of  Boston  Harbor. 

At  Deer  Island  and  Nut  Island,  the  outlets  of  the 
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North  and  South  Metropolitan  systems,  the  outlets  are 
submerged  and  the  sewage  is  allowed  to  flow  uninter- 
rupted 24  hours  a  day. 

At  the  Moon  Island  outlet  of  the  Boston  Main  Drain- 
age District  the  sewage  is  retained  in  storage  tanks  until 
the  tide  is  on  the  ebb,  then  discharged  at  the  surface  so 
far  as  practicable  during  the  second  and  third  hours  of 
the  ebb  tide. 

Over  250,000,000  gallons  of  raw  sewage  are  discharged 
into  Boston  Harbor  every  24  hours. 

Systems  employed  in  Other  Sewerage  Districts.  —  The 
Commission,  the  majority  of  which  are  laymen,  having 
no  conception  of  the  benefits  of  sewage  treatment  by  use 
of  available  systems,  was  advised  by  engineering  authori- 
ties to  examine  the  several  types  of  treatment  processes 
employed  by  other  sewerage  districts  in  the  East. 

To  obtain  first-hand  knowledge  of  processes  used  in 
the  treating  of  sewage,  the  Commission  engaged  compe- 
tent engineering  services  to  recommend  for  inspection 
modern  and  efficiently  operated  plants  where  various 
treating  processes  could  be  seen  in  operation. 

The  Commission  was  able  to  have  the  various  systems 
recommended  for  examination  explained  by  an  engineer 
so  that  members  had  a  basic  understanding  of  the  theory 
of  treatment,  purification  and  disposal  prior  to  the  exam- 
inations of  the  plants. 

The  Commission  examined  and  studied  treatment 
works  in  Washington,  D.  C,  Baltimore,  Md.,  Milwaukee, 
Wis.,  Chicago,  111.,  Cleveland,  Ohio,  Buffalo,  N.  Y., 
Niagara  Falls,  N.  Y.,  New  York  City,  N.  Y.,  Newark, 
N.  J.,  Perth  Amboy,  N.  J.,  Elizabeth,  N.  J.,  New  Britain, 
Conn.,  Hartford,  Conn.,  and  Providence,  R.  I. 

In  several  of  these  cities  where  sewage  disposal  was  at 
one  time  as  perplexing  a  problem  as  it  is  now  in  Metro- 
politan Boston,  the  Commission  witnessed  in  operation 
treatment  plants  similar  to  those  recommended  for  our 
investigation  by  witnesses  appearing  at  our  public  ses- 
sions. At  each  plant  visited  our  members  viewed  some 
feature  or  process  which  differed  in  either  a  major  or 
minor  degree  from  processes  viewed  elsewhere. 
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Only  at  Niagara  Falls,  N.  Y.,  was  the  Commission 
unable  to  witness  the  plant  in  operation.  Mechanical 
difficulties  had  closed  down  the  plant,  but  the  system 
there  was  described  and  the  machinery  employed  in 
treatment  was  examined. 

Public  Demand  for  Study  of  Methods  of  correcting 
Polluted  Conditions  in  Boston  Harbor. 

For  several  years  the  Legislature  has  been  requested 
by  municipal  authorities,  residents,  property  owners, 
pleasure  seekers,  yacht  owners  and  civic  agencies  of  the 
shore-line  municipalities  to  improve  conditions  in  Boston 
Harbor. 

Legislative  committees  in  the  past  have  been  called 
upon  by  residents  from  Boston,  Quincy,  Winthrop, 
Hingham,  Weymouth  and  other  Metropolitan  areas  to 
curb  the  discharge  of  sewage  into  the  tributary  streams, 
tidal  estuaries  and  waters  of  Boston  Harbor  as  a  means 
of  diminishing  pollution. 

The  public  demand  for  immediate  remedying  of  condi- 
tions in  the  harbor  was  indelibly  impressed  on  the  Com- 
mission at  hearings  held  during  the  course  of  our  study. 
Advocates  of  immediate  improvement  were  sincere  in 
their  requests,  and  all  recognized  the  potential  financial 
burden  involved  if  their  suggestions  were  adopted. 

Complaints  registered  with  our  Commission  were 
directed  at  pollution  in  both  inland  waterways  and  the 
harbor  waters. 

The  hundreds  who  urged  us  to  eliminate  pollution  in 
Boston  Harbor  based  their  demands  on  the  health  men- 
ace existing  under  present  conditions;  the  damage  of 
sewage  discharge  to  the  harbor's  esthetic  values ;  and  the 
loss  of  bathing  facilities  when  municipal  or  state  officials, 
to  protect  the  public  health,  close  beaches  because  of 
excessive  pollution. 

Improvement  of  the  sewerage  system  in  inland  waters 
was  urged  by  officials  who  expressed  a  need  for  clearing 
conditions  in  the  Alewife  Brook,  Charles  River,  Maiden 
River,  Mystic  River,  Winthrop  Shore,  and  to  increase 
the  recreational  possibilities  of  the  Charles  River  Basin. 
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Health  Menace.  —  It  was  the  practically  unanimous 
opinion  of  all  witnesses  before  our  Commission  that 
existing  conditions  in  Boston  Harbor  directly  threaten 
the  health  of  the  people  using  the  harbor  waters  for 
bathing. 

Those  appearing  before  us  stated  without  qualification 
that  many  ailments  could  be  traced  to  disease  germs 
breeding  in  the  pollution  of  the  harbor.  All  declared  that 
pollution  endangering  the  health  of  children  is  directly 
traceable  to  the  discharge  of  raw  sewage  into  the  harbor. 

Our  Commission  was  told  that  pollution  produced  in- 
fections of  the  ear,  inflammation  of  the  eyes,  skin  diseases 
and  several  other  serious  illnesses. 

Esthetic  Values  in  Boston  Harbor.  —  Yachtsmen  using 
Boston  Harbor  told  our  Commission  that  conditions  in 
the  harbor  at  present  are  a  definite  deterrent  to  advance- 
ment of  the  harbor  as  a  recreational  area. 

Members  of  yacht  clubs,  situated  on  the  harbor  or  its 
adjacent  waterways,  told  us  that  one  of  the  most  dis- 
couraging conditions  along  the  New  England  shore  line 
is  the  presence  of  grease,  floating  matter  and  a  definite 
foul  odor  in  the  vicinity  of  the  racing  courses  used  by 
their  clubs. 

They  protested  conditions  which  require  them  to  sail 
boats  through  large  fields  of  sewage  or  sleek  areas  to 
reach  the  outer  waters  of  Massachusetts  Bay.  Costly 
maintenance  of  their  crafts  is  necessary  as  a  result  of  the 
action  on  the  paint  of  their  boats  of  chemicals  found  in 
these  polluted  waters.  They  complained  that  odors 
rising  from  these  sewage  fields  are  not  attractive  to  those 
invited  to  find  their  recreation  along  our  seacoast. 

In  addition  to  complaints  from  the  yachtsmen,  objec- 
tion was  raised  to  the  presence  of  "grease  balls"  on  the 
beaches  of  Boston  Harbor  and  neighboring  waters.  Sev- 
eral were  reported  to  have  been  found  along  beaches  of 
the  South  Shore. 

It  was  pointed  out  to  us  that  recreation  is  a  "big  busi- 
ness" in  Massachusetts,  and  particularly  along  the  sea- 
coast.  We  were  bluntly  told  that  unless  steps  are  taken 
to  correct  present  conditions  to  rid  the  harbor  of  pollu- 
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tion,  this  much  sought  recreational  business  will  be 
seriously  handicapped,  with  a  subsequent  depreciation  of 
property  values  along  our  beach  fronts. 

Loss  of  Bathing  Beaches.  —  It  is  not  an  uncommon 
practice  each  bathing  season  to  have  local  health  authori- 
ties order  certain  bathing  places  on  the  waters  tributary 
to  Boston  Harbor  closed  to  the  public  because  it  has 
been  found  the  water  has  become  polluted  beyond  the 
point  of  safety. 

The  general  public  has  conveyed  to  this  Commission  a 
feeling  that  the  discharge  of  sewage  is  directly  responsible 
for  these  prohibitions  which  are  placed  on  bathing. 

Appreciating  the  vigilance  of  health  authorities  in  safe- 
guarding the  health  of  the  public,  it  was  stated  that  the 
bathers  using  these  beaches  prefer  action  to  eliminate 
pollution,  rather  than  having  bathing  prohibited  during 
the  bathing  season. 

Our  attention  was  drawn  to  conditions  in  the  Alewife 
Brook,  the  Charles  River,  the  Maiden  River,  the  Mystic 
River,  and  the  threat  to  recreation  in  the  Charles  River 
Basin. 

Notice  also  was  called  to  the  overflow  of  sewage  along 
the  Winthrop  shore  and  the  additional  quantity  of  sew- 
age being  brought  from  inland  cities  and  towns  through 
the  North  Metropolitan  relief  sewer  which  tax  the  exist- 
ing sewer  from  East  Boston  to  Deer  Island,  resulting  in 
the  frequent  overflow  of  sewage  into  adjacent  waters. 

While,  in  numbers,  the  persons  complaining  of  condi- 
tions inland  were  not  as  large  as  those  demanding  action 
in  Boston  Harbor,  the  problem  is  as  important  and 
demands  serious  consideration,  and  remedial  action  in 
inland  waterways  was  declared  to  be  a  necessary  adjunct 
to  any  program  for  the  improvement  of  the  harbor  water, 
as  development  of  the  Metropolitan  District  necessitates 
consideration  of  the  full  problem  in  any  general  improve- 
ment program. 

The  Commission  was  impressed  by  the  great  interest 
shown  by  the  general  public  in  finding  methods  of  abating 
the  nuisance  caused  by  discharge  of  raw  sewage  in 
harbor  waters. 
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At  every  session  of  the  Commission  there  were  serious, 
well-devised  plans  presented  by  laymen  for  improvement 
of  health  conditions  in  the  harbor.  They  challenged  our 
Commission  to  treat  the  sewage  before  letting  it  enter 
the  harbor  waters. 

The  public  insisted  that  the  nuisance  described  in  the 
report  of  the  previous  commission,  filed  as  House,  No. 
1600  of  1937,  be  abated,  and  the  public  protested  strenu- 
ously against  the  closing  of  bathing  beaches  along  the 
North  and  South  Shores  without  first  seeking  ways  and 
means  of  preventing  pollution. 

The  public  demanded  that  this  Commission  recom- 
mend a  specific  plan  for  disposal  of  sewage  so  that  grease 
balls  and  floating  substances  would  no  longer  spread  to 
the  beaches  on  the  flood  tide  to  litter  the  bathing  areas, 
particularly  near  the  city  of  Quincy. 

Insisting  that  corrective  steps  be  taken  in  the  clearing 
of  harbor  waters  used  for  bathing,  the  public  demands  of 
our  Commission  that  if  any  plan  were  formulated,  it  be 
complete,  —  not  piecemeal,  —  to  bring  about  full  and 
thorough  corrective  action  to  purify  both  inland  waters 
and  inland  bathing  areas  as  well  as  rid  the  tidewater 
beaches  of  pollution  which  the  1937  report  states  "require 
improvement  in  the  near  future." 

Previous  Studies.  —  Several  studies  have  been  made  in 
the  past  relative  to  the  pollution  of  Boston  Harbor  and 
its  tributary  waters. 

Surveys  were  made  in  1900,  1917,  1929,  1930,  1935 
and  1936,  the  most  complete  study  of  the  past  decade 
being  that  reported  in  House,  No.  1600  of  1937.  It  was 
the  findings  of  engineers  in  the  latter  report  which  led  to 
the  formation  of  our  Commission.  The  Metropolitan 
District  Commission  and  Department  of  Public  Health, 
acting  as  a  joint  board,  also  made  a  detailed  report  on 
pollution  of  the  Charles  River,  printed  as  House,  No.  1961 
of  1939. 

In  House,  No.  1600  it  is  stated  that  objectionable  con- 
ditions are  confined  to  the  immediate  vicinity  of  the  main 
sewer  outlets  of  the  Boston  Main  Drainage  and  the 
North  and  South  Metropolitan  Sewerage  systems,  but 
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that  examinations  showed  that  under  certain  tide  and 
wind  conditions,  grease  and  other  floating  matters  charac- 
teristic of  sewage  reach  the  shores  of  Boston  Harbor  from 
the  main  sewer  outlets,  and  at  times  of  considerable  run- 
off, sewage  overflows  from  the  main  trunk  and  lateral 
sewers  and  reaches  shores  used  for  bathing. 

"The  board  of  engineers,"  the  report  continued,  "is 
of  the  opinion  that  .  .  .  objectionable  floating  matters, 
characteristic  of  sewage,  may  at  times  reach  certain 
shores,  and  the  demands  of  the  public  may  require  im- 
provements in  the  near  future." 

In  the  face  of  these  findings,  it  was  recommended  in 
1937  — 

That  public  bathing  along  the  water  front  of  Boston  Harbor  and 
its  estuaries  and  tributaries  be  prevented,  except  at  such  point  or 
points  as  may  meet  with  the  approval  of  the  Board  of  Health  of  the 
city  or  town  in  which  such  bathing  sites  are  located  or  with  the  ap- 
proval of  the  Department  of  Public  Health. 

That  consideration  be  given  to  the  preparation  of  detail  plans  for 
the  treatment  and  disposal  of  sewage  from  the  Boston  Main  Drainage 
District  and  the  North  and  South  Metropolitan  Sewerage  districts 
before  it  is  discharged  into  Boston  Harbor,  and  that  such  plans  con- 
sider the  possible  extension  in  the  near  future  of  the  Boston  Main 
Drainage  outlet  to  a  point  in  deep  water,  and  all  these  outlets  in  the 
distant  future,  if  necessary,  to  a  point  near  the  Graves  for  the  disposal 
of  the  treated  sewage. 

The  findings  and  recommendations  of  the  commis- 
sioners who  made  the  report  in  1937  stressed  the  serious- 
ness of  prevailing  conditions  in  Boston  Harbor,  and  recom- 
mended that  detail  plans  for  correction  of  these  conditions 
be  devised. 

Engineering  Aid.  —  The  Commission,  after  making  a 
detailed  survey  of  conditions  in  the  Boston  Main  Drain- 
age District  and  the  North  and  South  Metropolitan 
Sewerage  districts,  agreed  that  it  accepts  conditions  as 
represented  by  the  results  of  analyses  and  other  technical 
data  contained  in  House,  No.  1600  of  1937  as  factual. 

The  Commission  unanimously  accepted  the  recom- 
mendation made  in  that  report  that  plans  for  treatment 
of  sewage  be  prepared. 
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The  Commission  was  united  in  its  belief  that  forma- 
tion of  plans  for  sewage  treatment  at  the  three  outlets, 
before  it  is  discharged  into  Boston  Harbor,  is  one  of  the 
major  problems  before  it.  This  course  was  strenuously 
recommended  by  engineers  in  their  discussion  of  condi- 
tions outlined  in  the  1937  report. 

It  was  the  unanimous  opinion  of  the  Commission  that 
as  important  as  the  elimination  of  pollution  in  the  har- 
bor is  the  diminution  of  offensive  conditions  in  streams 
tributary  to  the  harbor. 

The  Commission  in  formulating  plans  for  furtherance 
of  its  study  based  its  activities  on  the  following  conclu- 
sions: that  there  exists  a  potential  menace  to  public 
health  and  a  serious  handicap  to  recreational  expansion 
of  Boston  Harbor  and  a  decided  threat  to  property  values 
in  this  area,  due  to  pollution  caused  by  sewage  discharged 
from  the  three  sewer  outlets;  that  conditions  in  Boston 
Harbor  are  as  serious  as  described  by  engineers,  reporting 
in  House,  No.  1600  of  1937;  that  the  potential  dangers 
to  health  will  tend  to  increase  rather  than  decrease;  that 
there  is  a  widespread  demand  for  immediate  action  to 
remedy  these  conditions  which  are  the  constant  cause  for 
complaint  from  persons  using  harbor  waters  for  boating 
and  bathing. 

Recognizing  that  the  proper  solution  of  the  problem 
was  dependent  upon  employment  of  the  finest  engineer- 
ing skill  obtainable,  the  Commission  contracted  for 
services  of  Metcalf  &  Eddy  of  Boston  and  Greeley  & 
Hansen  of  Chicago,  two  of  the  nation's  outstanding  firms 
in  the  field  of  sanitary  engineering. 

Selection  of  these  firms  was  not  made  until  the  entire 
Commission  membership  had  interviewed  all  local  firms 
experienced  in  sanitary  engineering. 

At  the  conclusion  of  the  interviews,  the  Commission 
made  a  detailed  investigation  of  all  firms  considered, 
examined  their  past  activities,  and  upon  these  consider- 
ations based  the  selection. 

The  engineers  were  given  specific  problems  to  solve  for 
our  Commission. 

These  included : 
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(a)  Pollution  of  the  Charles  River  and  method  of 
correction. 

(6)  Pollution  of  the  Mystic  River  and  tributaries, 
including  Alewife  Brook  and  method  of  correction. 

(c)  Proposed  method  of  sewage  treatment  for  North 
Metropolitan  Sewerage  District. 

(d)  Proposed  method  of  sewage  treatment  for  South 
Metropolitan  Sewerage  District. 

(e)  Proposed  method  of  sewage  treatment  for  Boston 
Main  Drainage  District. 

(/)  The  studies  of  the  treatment  of  sewage  to  con- 
sider the  economics  of  the  recovery  of  fertilizer  from 
sewage  sludge. 

In  addition  to  these  problems,  the  Commission  re- 
quired that  the  engineers  include  in  their  report  the 
following  information  for  each  project: 

(a)  A  statement  of  the  bases  of  design  in  sufficient 
detail  to  permit  outline  drawings  and  outline  descrip- 
tions of  the  recommended  sewage  treatment  works  as 
regards  the  capacity  of  the  several  major  structures,  but 
not  including  calculations  for  structural  and/or  hy- 
draulic design. 

(6)  Outline  drawings  and  outline  descriptions. 

(c)  Estimates  of  construction  costs  segregated  by 
structure  and  based  in  general  od  the  unit  costs  of 
structures  and  not  on  quantities  of  construction  ma- 
terials and  work. 

(d)  Total  estimates  of  costs,  including  amortization 
and  amortization  costs. 

Recommendations  of  Engineering  Experts.  —  After  con- 
ducting its  study  of  conditions  in  Boston  Harbor  as  re- 
quired by  the  Commission  in  its  contract,  the  engineer- 
ing experts  have  recommended:  (1)  Improvement  of 
conditions  in  inland  tributaries;  and  (2)  treatment  of  sew- 
age at  the  outfalls  before  discharge  into  the  sea. 

The  engineers  have  recommended  that  a  $14,695,000 
program  be  formulated  for  construction  of  overflow  con- 
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duits,  relief  sewers  and  works  pertaining  thereto  along 
the  inland  tributaries  to  the  harbor. 

They  have  advised  that  a  $10,022,000  construction 
program  be  undertaken  for  treatment  of  sewage  from 
the  North  and  South  Metropolitan  Sewerage  districts 
and  the  Boston  Main  Drainage  District  for  partial  puri- 
fication before  it  is  discharged  into  harbor  waters. 

The  entire  construction  program  —  inland  overflow 
conduits  and  relief  sewers,  and  treatment  works  —  calls 
for  a  capital  outlay  of  $24,717,000,  divided  as  follows: 

Improvement  of  Local  Conditions  in  Inland  Streams. 

Alewife  Brook  conduit $875,000 

Arlington  conduit 380,000 

Aberjona  River  conduit 675,000 

Charles  River  works  on  north  side 1,210,000 

Maiden  River  conduits .  345,000 

North  Metropolitan  relief  sewer 4,160,000 

Charles  River  works  on  south  side 6,210,000 

Stony  Brook  relief  sewer       , 340,000 

East  Concord  Street  pumping  station         ....  500,000 


$14,695,000 
Seivage  Treatment. 
Treatment  works  for  Boston  Main  Drainage  District 

(Moon  Island) $3,180,000 

Treatment  works  for  North  Metropolitan  Sewerage  Dis- 
trict (Deer  Island) 3,784,000 

Treatment  works  for  South  Metropolitan  Sewerage  Dis- 
trict (Nut  Island)        .        . 3,058,000 


$10,022,000 


Outline  drawings  and  estimates  of  construction  and 
operation  costs,  together  with  a  detailed  analysis  of  the 
sewerage  problems  in  these  districts,  have  been  made  by 
the  engineers,  and  their  report  is  appended  hereto  and 
made  a  part  of  this  report. 

In  presenting  our  recommendations  for  elimination  of 
pollution,  the  Commission  drafted  a  comprehensive  pro- 
gram after  considering  three  major  subjects:  (1)  im- 
provement of  conditions  of  inland  tributaries;    (2)  con- 
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struction  of  treatment  works  at  the  three  outlets  of  the 
three  sewerage  systems;  and  (3)  financing. 

Relative  to  the  first,  we  feel  that  we  should  consider 
correction  of  pollution  in  the  Alewife  Brook,  the  Charles 
River  and  Charles  River  Basin,  the  Maiden  River  and 
the  Mystic  River.  In  connection  with  the  improvement 
of  the  Charles  River  Basin,  consideration  is  given  to 
providing  overflow  conduits  along  the  north  and  south 
sides  of  the  Charles  River  Basin,  a  relief  sewer  to  relieve 
the  Stony  Brook  conduit  in  the  city  of  Boston,  and  a 
pumping  station  to  relieve  flooding  of  the  East  Concord 
Street  district  of  the  city  of  Boston.  Consideration  also 
is  given  to  the  construction  of  storm  overflow  conduits 
along  the  Alewife  Brook  and  below  the  town  of  Arling- 
ton and  along  the  Mystic  River,  while  a  new  trunk  sewer 
extension  is  proposed  through  the  city  of  Woburn.  It 
also  is  proposed  to  extend  the  North  Metropolitan  relief 
sewer  to  Deer  Island. 

Treatment  works  are  considered  at  the  outlets  of  the 
North  Metropolitan  Sewerage  District,  the  Boston  Main 
Drainage  District  and  the  South  Metropolitan  Sewerage 
District. 

In  seeking  methods  for  improving  conditions  in  Boston 
Harbor  as  well  as  in  its  inland  waters,  the  Commission 
has  recognized  that  any  effective  program  will  be  costly. 
To  achieve  its  aim  for  correction  of  present  evils  the  Com- 
mission determined  to  seek  a  sound  method  of  procuring 
funds  to  afford  the  public  immediate  relief. 

Due  recognition  has  been  taken  of  the  financial  con- 
dition of  municipalities  within  the  Metropolitan  District. 
Members  have  realized  that  any  huge  program  which 
might  be  suggested  must  of  necessity  be  based  on  a 
financing  program  which  extends  payment  for  the  capital 
expenditures  for  as  long  a  period  in  the  future  as  sound 
financing  will  permit.  In  so  doing,  the  public  enjoying 
the  use  of  the  works  throughout  the  life  of  the  works  will 
be  paying  for  the  benefits  received  without  impairing  the 
credit  of  the  city  and  town  governments  which  contribute 
to  the  operation  of  these  sewerage  districts. 
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In  addition,  the  Commission  has  made  a  detailed  study 
into  methods  of  financing  sewage  disposal  works  in  other 
sanitary  districts  of  comparable  size  to  our  Metropolitan 
area. 

These  steps  were  taken  to  assure  the  public  of  a  correc- 
tive program  believed  to  be  best  suited  to  meet  all  re- 
quirements, both  present  and  future,  for  improvement  of 
conditions  in  the  Metropolitan  Sewerage  and  the  Boston 
Main  Drainage  districts. 

Use  of  Sewage  Sludge  for  Fertilizer.  —  During  the  public 
hearings  held  by  our  Commission  we  were  advised  by  lay- 
men that  the  Metropolitan  District  and  the  Boston  Main 
Drainage  District  could  obtain  revenue  sufficient  to  oper- 
ate treatment  plants  if  we  converted  sewage  sludge  into 
fertilizer  and  placed  it  on  sale.  We  made  a  thorough 
investigation  of  this  suggestion,  considering  both  the 
chemical  and  financial  potentialities  in  fertilizer  manu- 
facture. 

The  value  of  a  fertilizer  depends  upon  its  content  of 
nitrogen,  phosphoric  acid  and  potash,  both  as  to  total 
amounts  of  these  plant  foods  available  to  the  plants,  and 
also  as  to  the  relative  amounts  or  " balance"  of  these 
three  components.  Additional  value  accrues  from  the 
organic  matter  or  "humus"  added  to  the  soil.  Require- 
ments for  individual  soils  vary  greatly,  but  the  most 
common  fertilizer  used  in  Massachusetts  is  a  5-8-7  mix- 
ture (5  per  cent  of  total  nitrogen,  8  per  cent  of  available 
phosphoric  acid  as  PC,  and  7  per  cent  of  water  soluble 
potash  a,s  K?0).  Other  common  mixtures  are  7-6-4  and 
4-8-6. 

The  value  of  sewage  sludge  as  a  fertilizer  depends  upon 
the  process  by  which  it  is  produced.  The  best  sludge 
fertilizer  is  that  resulting  from  the  activated  sludge 
process.  In  one  municipality  which  sells  heat-dried 
activated  sludge  the  fertilizer  is  a  6-3.5-0.5  mixture,  high 
in  nitrogen  but  poorly  balanced  for  most  uses.  From  a 
partial  treatment  plant,  such  as  is  contemplated  for 
Boston,  the  plain  sedimentation  sludge  would  be  less 
valuable  as  a  fertilizer.  II  would  probably  be  a  3.4-1-0.3 
mixture,  also  poorly  balanced. 
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Activated  sludge  is  known  to  sell  for  about  $15  per 
ton,  but  in  the  past  has  sold  for  as  low  as  85  per  ton  in 
large  amounts  to  fertilizer  companies.  The  commercial 
valuation  of  the  Boston  sludge  was  estimated  by  Haskins 
of  the  Massachusetts  Agricultural  Experiment  Station 
as  812  per  ton,  but  it  is  doubtful  if  any  such  price  could 
be  obtained  for  the  sludge  in  the  open  market,  for  the 
placing  of  the  large  volume  of  low  quality  fertilizer  on 
sale  locally  would  undoubtedly  reduce  the  price  obtain- 
able. Because  of  its  poor  balance  the  sludge  would 
probably  have  to  be  sold  at  a  much  lower  price  to  fer- 
tilizer companies  for  mixing  with  other  fertilizer  con- 
stituents. 

At  Milwaukee  the  cost  of  producing  fertilizer  from 
activated  sludge  is  estimated  at  about  816.50  per  ton  of 
MHorganite,  not  including  capital  charges.  The  cost  of 
drying  and  incineration,  the  form  of  sludge  disposal  which 
would  be  used  if  fertilizer  were  not  produced,  would  be 
about  89.50.  Therefore  sale  of  sludge  at  a  price  over  87 
per  ton  results  in  decreased  costs  of  sludge  disposal  for 
Milwaukee.  This  disregards  capital  charges  which  are 
greater  for  the  fertilizer  production  plant  than  for  the 
incineration  plant.  Even  if  it  were  necessary  for  Boston 
to  dispose  of  its  sludge  by  de-watering  and  either  in- 
cineration or  fertilizer  production,  it  is  doubtful  if  the 
return  from  fertilizer  sales  would  equal  the  additional 
operation  cost  involved.  However.  Boston  has  an  easy 
and  inexpensive  method  of  sludge  disposal  available,  — 
that  of  barging  the  fresh  solids  to  sea  and  dumping  at  a 
point  far  distant  from  shores.  The  operation  cost  (not 
including  capital  charges)  of  barging  the  sludge  to  sea 
would  probably  be  only  about  one  quarter  the  cost  of 
de-watering  and  incineration.  As  fertilizer  the  sludge 
would  be  of  such  low  quality  and  value  that  it  would  not 
be  justifiable  to  install  the  necessary  works  for  its  proc- 
essing. 

Improvement  of  Conditions  in  Inland  Tributaries. 

Inland  Waterways.  —  There  are  eight  principal  streams 
tributary  to  Boston  Harbor,  largest  of  these  being  the 
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Charles  River,  Mystic  River  and  Neponset  River  in 
addition  to  the  Chelsea  Creek,  Monatiquot  River,  Weir 
River,  Weymouth  Back  River  and  Weymouth  Fore  River. 

These  rivers,  our  consulting  engineers  have  reported, 
"have  been  polluted  to  an  undesirable  extent  by  the 
wastes  of  industries  and  the  overflows  from  combined  and 
separate  sewers." 

The  problem  in  these  tributaries  is  definitely  one  of 
removing  any  danger  to  the  public  health  and  of  restoring 
their  use  for  recreation. 

These  inland  waterways  are  located  within  the  sewer- 
age districts  of  the  Boston  Metropolitan  area,  and  include 
in  their  drainage  areas  53  municipalities,  of  which  33  are 
included  in  the  North  Metropolitan  Sewerage  District, 
the  South  Metropolitan  Sewerage  District,  or  the  Boston 
Main  Drainage  District. 

It  is  estimated  that  a  population  of  over  2,000,000  per- 
sons is  served  by  these  three  sewerage  systems,  nearly 
half  a  million  being  served  by  the  Boston  Main  Drainage 
District;  over  700,000  by  the  North  Metropolitan  Sewer- 
age District ;  and  over  850,000  by  the  South  Metropolitan 
Sewerage  District.  In  area,  the  systems  serve  over  200,- 
000  acres. 

In  addition  to  the  300,000,000  gallons  per  day  of  sewage 
which  may  be  carried  through  the  sewerage  systems,  there 
is  a  vast  amount  of  surface  drainage,  ground  water  and 
tidewater  which  gets  into  the  systems  and  is  relatively 
large  to  the  amount  of  sewage  carried. 

The  entrance  of  this  surface,  ground  and  tidewater, 
often  overtaxes  the  capacity  of  the  systems  and  causes 
overflow  conditions  in  inland  streams,  resulting  in  stream 
pollution. 

Industrial  wastes  from  tanneries,  woolen  mills,  paper 
mills,  glue  works  and  oil  refineries  enter  our  sewerage  sys- 
tems and  intensify  the  pollution  problem  in  our  inland 
tributaries. 

Each  of  the  three  largest  rivers  tributary  to  Boston 
Harbor  is  potentially  suited  for  recreation. 

The  Neponset  River,  draining  117  square  miles,  is  not 
now  used  for  recreation,  but  the  State  has  acquired  for 
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reservation  purposes  an  area  near  the  Blue  Hills,  where 
canoeing,  sailing  and  general  recreation  are  planned. 

The  basin  of  the  Charles  River,  which  drains  298  square 
miles,  is  generally  used  for  boating  of  almost  every  type, 
and  in  the  upper  reaches  of  the  river  canoeing  is  one  of 
the  greatest  recreational  attractions  in  the  vicinity,  and 
has  long  been  a  summer  industry  profitable  to  many  local 
business  houses. 

The  Mystic  River  —  which  drains  72  square  miles  — 
attracts  many  to  its  lakes  and  upper  reaches  for  boating, 
bathing  and  general  recreation,  while  its  banks  are  lined 
with  attractive  parkways  that  are  frequented  by  count- 
less thousands  seeking  restful  drives. 

Because  these  uses  are  made  of  inland  tributaries  it  is 
essential  that  pollution  be  kept  at  a  minimum,  that  suit- 
able outing  spots  be  provided  for  those  living  in  these 
areas,  and  that  assurances  be  made  that  health  and  beauty 
be  safeguarded  against  offensive  pollution. 

In  facing  any  problem  of  the  future,  as  far  as  sewerage 
works  are  concerned,  the  Commission  must  of  necessity 
consider  the  future  growth  of  the  districts  before  pro- 
posing any  remedial  action.  Improvements  must  return 
to  the  districts  a  service  whose  value  is  commensurate 
with  the  capital  expenditure  required. 

It  has  been  necessary,  in  this  study,  to  make  a  liberal 
allowance  for  the  potential  growth  of  the  territory,  and 
to  also  consider  possible  use  of  the  sewerage  districts  by 
nearly  100  per  cent  of  the  possible  future  population  of 
these  districts. 

For  the  purposes  of  future  planning  we  have  based 
population  estimates  on  potential  population  for  the  year 
1955,  when  it  is  estimated  2,170,000  persons  will  be  living 
in  the  present  districts  and  2,050,000,  or  95  per  cent  of 
that  population,  will  be  contributors  to  the  sewerage 
systems. 

In  these  estimates  it  is  assumed  that  100  per  cent  of 
the  400,000  persons  estimated  for  the  Boston  Main 
Drainage  District  will  be  contributors.  It  is  estimated 
900,000  —  92  per  cent  of  the  980,000  population  visual- 
ized for  the  South  Metropolitan   Sewerage   District  — 
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will  be  contributors,  and  of  the  790,000  expected  to  be 
living  in  the  North  Metropolitan  Sewerage  District, 
750,000  —  95  per  cent  —  will  be  contributing  sewage  for 
disposal. 

In  addition  to  the  total  population  of  the  districts,  the 
Commission  has  given  serious  consideration  to  the  indi- 
vidual changes  expected  in  the  various  communities  com- 
prising the  district. 

With  these  factors  considered  the  Commission  has  ap- 
proached the  problem  of  providing  adequate  improve- 
ments in  the  inland  tributaries,  not  solely  to  care  for 
present-day  inadequacies  of  the  existing  system,  but  to 
provide  adequate  means  of  sewage  disposal  for  the  peak 
population  of  the  next  generation. 

River  Pollution.  —  In  recent  years  waters  of  the  Mystic 
River  and  its  tributaries  and  of  the  Charles  River  have 
been  found  to  contain  pollution  in  such  degrees  as  to 
raise  the  question  of  their  fitness  for  bathing. 

These  conditions  have  been  prevalent  in  a  district 
which  promises  continued  future  growth. 

Increased  use  of  the  sewerage  districts  without  im- 
provement of  the  sewerage  and  drainage  systems  makes 
it  self-evident  that  more  offensive  conditions  will  result, 
and  consideration  of  the  general  public  and  its  right  to 
enjoy  publicly  created  recreational  areas  will  be  de- 
manded more  forcibly  if  we  fail  to  abate  present  nuisances 
in  these  rivers. 

A  study  previously  conducted  reveals  that  the  pollu- 
tion found  in  waters  used  for  recreational  purposes  in 
the  Mystic  and  Charles  River  valleys  was  traceable  to 
overflow  outlets  of  the  overtaxed  sewerage  lines  of  the 
Metropolitan  systems.  Accordingly  when  storm  water 
is  allowed  to  enter  into  these  sewers  and  increase  the 
load  to  a  danger  point,  mingled  storm  water  and  sewage 
overflow  into  streams  to  an  extent  far  in  excess  for  which 
these  sewers  were  designed. 

Were  these  systems  separated  —  one  system  for  sew- 
age, the  other  for  storm  water  —  the  storm  water  would 
be  allowed  to  overflow  into  the  rivers,  with  no  pollution 
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resulting,  while  the  raw  sewage  would  continue  without 
diversion  until  it  reached  its  intended  outlet  in  Boston 
Harbor.  Combined  sewers  carrying  both  surface  water 
and  sewage  in  the  North  Metropolitan  Sewerage  District 
are  chiefly  in  Cambridge,  Charlestown,  Chelsea,  East 
Boston,  Everett  and  Somerville. 

Similar  conditions  exist  in  the  South  Metropolitan 
Sewerage  District,  where  combined  sewers  serve  Boston, 
Milton  and  a  portion  of  Brookline.  In  other  sections 
of  the  district,  where  separate  systems  have  been  con- 
structed, roof  water  and  other  surface  drainage  enter 
these  separate  lines  resulting  in  the  overflow  of  sewage  and 
subsequent  pollution  problems.  In  other  sewers  a  large 
amount  of  ground  water  or  tidewater  is  admitted. 

So  grave  were  conditions  which  in  1936  overloaded 
sewerage  lines  in  the  South  Metropolitan  Sewerage  Dis- 
trict that  the  commission  which  preceded  our  Board 
stated  emphatically  that  "if  surcharging  of  the  South 
Metropolitan  Sewerage  System  is  to  be  prevented,  an 
extensive  system  of  separation  of  storm  water  from 
sanitary  sewage  must  be  established." 

Faced  with  these  problems  of  pollution  in  river  valleys 
used  extensively  for  recreation,  the  Commission  set 
about  considering  possible  remedies,  and  gave  thought 
to  three  possible  methods  suggested  by  our  engineers : 

1.  Treatment  of  sewage  at  overflows  by  local  authorities. 

2.  Separation  of  storm  water  from  sewage. 

3.  Construction  of  storm  overflow  conduits  to  intercept  the  discharge 

from  trunk  sewers. 

The  first  proposal,  whereby  local  municipalities,  or  a 
combination  of  several  municipalities,  would  maintain 
a  plant  to  treat  sewage  before  admitting  it  into  the 
near-by  streams,  was  dismissed  as  impracticable,  creating 
a  top-heavy  system  of  administration. 

The  second  recommendation,  for  separation  of  storm 
water  from  the  sewage  except  by  the  construction  of 
overflow  conduits,  was  considered  too  great  an  expendi- 
ture, not  only  on  the  part  of  the  municipality,  but  also  a 
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burden  for  the  property  owner,  and  was  dismissed  as 
unlikely  to  accomplish  the  results  desired  to  prevent 
further  pollution  in  the  river  valleys. 

However,  it  must  not  be  interpreted  that  this  Commis- 
sion recommends  that  no  effort  be  made  to  separate  storm 
water  from  the  sewerage  systems  in  future  construction. 
It  is  our  firm  conviction  that  as  new  systems  are  laid  in 
cities  and  towns  the  economical  procedure  demands  con- 
struction of  storm-water  drains  in  each  street,  with 
connections  for  surface  water  inlets  to  it,  and  that  the 
connection  of  roof  drainage  to  sanitary  sewers  be  pre- 
vented. Other  sewers  should  be  left  free  to  accept  their 
full  capacity  of  raw  sewage  without  joining  it  with  storm 
water. 

Construction  of  storm  overflow  conduits  is  believed 
to  be  an  economical  method  of  correcting  objectionable 
conditions  now  prevailing  in  the  Charles  River  Basin  and 
the  Mystic  River  Valley. 

Storm  overflow  conduits  are  comparable  with  relief 
sewers.  They  are  linked  with  the  trunk  line  sewers  by 
connections  which  carry  excess  capacity  loads  from  the 
main  line  sewer  by  overflow  pipes  into  the  overflow  con- 
duits. These  conduits  carry  the  combined  flow  of  sewage 
and  storm  water  to  a  point  of  discharge  at  tidewater. 
Present  overflows  which  discharge  raw  sewage  into  river 
waters  above  tidewater  would  be  eliminated  except 
where  the  amount  of  water  for  dilution  is  sufficient.  The 
combined  flow  of  raw  sewage  and  storm  water  through 
overflow  conduits  will  provide  a  degree  of  dilution  and 
will  tend  to  minimize  the  pollution  potentialities  of  sewage 
before  it  is  discharged. 

In  planning  overflow  conduits,  it  is  mandatory  that  the 
design  provide  capacity  sufficient  to  prevent  an  overflow 
until  the  volume  of  storm  water  is  sufficient  to  dilute  the 
domestic  sewage  to  eliminate  objectionable  conditions  in 
streams  receiving  overflow  discharges. 

To  maintain  at  a  minimum  the  amount  of  water  al- 
lowed to  enter  the  sewerage  systems,  it  should  be  pointed 
out  that  much  of  the  present  capacity  of  existing  sewers 
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has  been  taken  up  by  entrance  of  salt  water  into  the 
system. 

To  correct  this  situation,  we  feel  tide  gates  should  be 
maintained  in  good  condition  to  reduce  the  costs  of 
pumping  and  treatment  of  sewage  delivered  at  the 
outlets. 

To  ease  the  load  of  existing  sewers,  it  is  specifically 
recommended  that  the  following  corrective  program  be 
adopted  by  construction  of  storm  overflow  conduits: 

Alewife  Brook  storm  overflow  conduit. 
Arlington  storm  overflow  conduit. 
Aberjona  Valley  storm  overflow  conduit. 
Cambridge  storm  overflow  conduit. 
Maiden  River  storm  overflow  conduit. 
Charles  River  Valley  storm  overflow  conduit. 

The  Alewife  Brook  storm  overflow  conduit  will  provide 
relief  for  the  existing  Alewife  Brook  sewer,  serving  por- 
tions of  Belmont,  Cambridge,  Somerville  and  Arlington 
at  a  cost  of  about  1875,000. 

The  Arlington  storm  overflow  conduit,  which  will  serve 
Lexington  and  Arlington,  is  estimated  to  cost  $380,000. 

To  provide  an  outlet  for  the  load  brought  into  the 
North  Metropolitan  sewer  from  northern  Reading  and 
Woburn,  the  Aberjona  Valley  storm  overflow  conduit  is 
planned  at  a  cost  of  $675,000. 

Expenditure  of  $1,210,000  is  proposed  for  carrying 
overflow  loads  along  the  northerly  side  of  the  Charles 
River  Basin  in  the  Cambridge  storm  overflow  conduit  to  a 
point  below  the  Charles  River  Dam  for  discharge  into 
tidewater  below  the  Charles  River  Dam.  The  conduit 
would  serve  the  existing  Cambridge  branch  sewer,  drain- 
ing parts  of  Belmont,  Cambridge,  Somerville,  Medford, 
Charlestown  and  Everett. 

The  Maiden  River  storm  overflow  conduit,  to  ease  the 
Maiden  branch  sewer  and  the  old  Maiden  sewer,  will 
cost  about  $354,000. 

One  of  the  most  important  items  in  the  proposed  pro- 
gram for  abatement  of  pollution  in  inland  waterways  is 
the  need  for  a  storm  overflow  conduit  on  the  southerly  side 
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of  the  Charles  River,  to  provide  relief  for  the  present 
Charles  River  Valley  sewer  which  services  Waltham, 
Watertown  and  portions  of  Newton,  Brookline  and 
Boston. 

The  proposed  conduit  has  been  recommended,  with 
suggestion  that  design  include  future  use  of  the  system 
by  the  town  of  Weston  not  now  using  the  Metropolitan 
System. 

Investigation  has  shown  conclusively  that  there  is  a 
vast  amount  of  leakage  into  the  upper  part  of  the  present 
sewer  below  Waltham,  in  Newton  and  Watertown.  For 
this  reason  it  is  proposed  that  in  planning  future  con- 
struction an  entirely  new  conduit  be  designed  for  the 
area  above  St.  Mary's  Street.  If  the  existing  sewer  can 
be  satisfactorily  used,  costs  may  be  materially  reduced. 

The  proposed  conduit  also  will  provide  relief  for  the 
Boston  Marginal  conduit. 

The  sewage  flow  in  this  proposed  conduit  would  be 
divided  at  St.  Mary's  Street.  The  dry-weather  flow 
would  be  diverted  to  the  Ward  Street  pumping  station 
for  delivery  into  the  South  Metropolitan  Sewerage  Sys- 
tem. The  remainder  would  run  in  conduits  parallel  to 
the  Charles  River  to  a  point  below  the  Charles  River 
Dam  for  discharge  into  tidewater. 

To  provide  pumping  of  sewage  from  the  overflow  con- 
duits into  tidewater  below  the  dam,  it  is  considered  best 
to  plan  for  construction  of  a  pumping  station  near  Beaver 
Place  in  Back  Bay,  Boston,  to  lift  the  load,  estimated 
at  300,000,000  gallons  a  day  at  the  outlet  at  tidewater. 

To  provide  for  the  storm  overflow  conduit  from  Wal- 
tham to  tidewater,  insure  construction  of  a  branch  sewer 
to  the  Ward  Street  pumping  station,  and  to  construct 
and  equip  a  pumping  station  at  the  tidewater  outlet,  the 
cost  is  estimated  at  $6,210,000. 

In  the  North  Metropolitan  Sewerage  District,  where 
a  relief  sewer  is  now  under  construction,  it  is  necessary 
that  $4,160,000  should  be  expended  to  construct  a  sewer 
running  from  East  Boston  to  Deer  Island.  This  esti- 
mate includes  the  cost  of  necessary  changes  in  the  pump- 
ing station  at  East  Boston. 
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A  $340,000  Stony  Brook  relief  sewer  is  proposed  to 
provide  a  greater  degree  of  dilution  of  sewage  before  its 
discharge  through  overflows  into  slow-moving  waters  of 
the  Charles  River  in  the  Charles  River  Basin,  but  only 
after  greatly  diluted  by  storm  water. 

Low  areas  in  Boston,  between  Massachusetts  Avenue 
and  Broadway,  have  been  flooded  in  past  years.  Similar 
conditions  in  the  Union  Park  Street  area  were  cared  for 
by  construction  of  the  Union  Park  Street  pumping  sta- 
tion. This  station  in  time  of  storm  pumps  the  sewage 
directly  into  South  Bay. 

We  are  convinced  that  flooding  in  the  East  Concord 
Street  district  should  be  relieved  by  construction  of  a 
pumping  station  to  operate  similar  to  that  at  Union  Park 
Street,  so  that  the  Boston  Main  Drainage  Works  can 
adequately  carry  the  load  delivered  from  the  Stony 
Brook  Valley  sewer,  but  before  any  definite  steps  are 
taken  to  construct  a  new  pumping  station  at  East  Con- 
cord Street,  the  Commission  proposes  that  careful  studies 
be  made  to  see  if  the  same  results  can  be  obtained  by 
changes  in  systems  and  enlargement  of  the  present  Union 
Park  Street  pumping  station. 

It  is  believed  that  these  two  stations  can  be  operated 
so  as  to  maintain  a  water  level  high  enough  to  prevent 
rotting  of  piles  under  buildings  in  the  vicinity. 

A  new  station  at  East  Concord  Street  will  cost  about 
$500,000. 

The  Commission  does  not  feel  that  there  is  any  great 
demand  at  the  present  time  for  enlargement  of  the  South 
Metropolitan  Sewerage  District  System.  We  recognize 
the  fact  that  the  present  high  level  sewer  is  not  of  suffi- 
cient capacity  to  carry  the  maximum  flow  expected  under 
1975  conditions.    This  sewer  will  need  relief  in  the  future. 

In  the  South  Metropolitan  System,  in  the  vicinity  of 
the  Cedar  Grove  Cemetery,  paralleling  the  Neponset 
River,  the  existing  Metropolitan  sewer  has  broken  down 
over  a  considerable  length.  During  times  of  surcharge 
the  sewage  flows  through  the  break  in  the  arch  and 
causes  pollution  in  the  Neponset  River. 

The  sewage  in  this  particular  intercepting  sewer  should 
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properly  be  discharged  into  the  high  level  sewer  of  the 
South  Metropolitan  System.  To  do  this  necessitates  the 
building  of  a  new  intercepting  sewer  from  the  vicinity 
of  Cedar  Grove  to  a  point  in  Milton,  at  a  cost  of  $600,- 
000.  This  construction  will  relieve  the  pollution  now 
caused  by  the  broken  sewer  in  the  Cedar  Grove  area. 

This  cost  will  be  in  addition  to  the  estimates  of  our 
consulting  engineers. 

Construction  of  Treatment  Works. 

Pollution  of  Boston  Harbor.  —  Boston  Harbor  provides 
a  natural  recreational  area  for  Metropolitan  Boston.  It 
is  polluted.  The  seriousness  of  existing  conditions  de- 
mands immediate  attention. 

Present  conditions  are  so  serious  that  organized  public 
protest  has  been  made  to  secure  correction.  This  was 
graphically  demonstrated  to  this  Commission  at  our 
hearings. 

Hundreds  of  men  and  women  charged  there  is  a  health 
menace,  declared  recreational  facilities  were  lost  to  them, 
and  decried  destruction  of  the  esthetic  beauties  of  the 
district  because  of  existing  conditions. 

Our  personal  examinations  of  waters  in  Boston  Har- 
bor and  complaints  registered  by  residents  of  the  Metro- 
politan area,  all  substantiate  previous  reports  of  investi- 
gating bodies  that  pollution  exists.  We  unequivocally 
state  that  conditions  now  existent  in  Boston  Harbor  and 
along  the  shores  of  the  bay  are  sufficiently  grave  to  make 
it  mandatory  that  we  recommend  a  definite  program  for 
alleviation  of  the  objectionable  conditions. 

As  a  result  of  our  studies  into  conditions  in  the  harbor, 
we  find  that  experts  and  laymen  recognize  there  is  a  seri- 
ous pollution  there.  Municipal  officials  and  taxpayers, 
who  must  eventually  pay  for  any  improvements,  all 
insist  upon  abatement  of  this  nuisance,  before  it  seri- 
ously threatens  the  public  health  or  becomes  increasingly 
objectionable. 

The  public  expects  and  demands  action  as  soon  as 
possible  to  purify  harbor  waters. 
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On  the  basis  of  these  self-evident  facts,  repeated  con- 
tinuously by  a  populace  insistent  on  correction  of  con- 
ditions, yet  recognizing  the  magnitude  of  the  expenditures 
involved,  we  recommend  a  program  of  correction  which 
we  feel  will  adequately  correct  the  pollution  menace. 

In  presenting  this  program  we  cannot  emphasize  any 
too  strongly  the  necessity  for  considering  this  recom- 
mendation, not  as  a  spending  program,  but  one  of  ever- 
lasting benefit.  The  public  has  patiently  awaited  this 
improvement  as  the  sanitary  needs  of  the  district  have 
been  met  one  by  one. 

We  feel  it  is  economically  sound  to  adopt  these  pro- 
posals primarily  to  protect  the  public  health  and  to 
make  possible  safe  use  of  beaches  and  waters  by  the 
general  public  before  there  is  a  further  decline  in  realty 
values,  summer  trade,  yacht  club  membership  and 
ownership  of  yachts  which  affect  many  tradesmen,  de- 
pending on  these  recreational  facilities  for  a  livelihood. 

The  report  of  engineers  shows  that  over  100,000  per- 
sons on  pleasant  days  each  week-end  and  15,000  persons 
each  week  day  flock  to  the  Boston  beaches  alone  of  the 
29  bathing  beaches  on  the  shore  of  the  harbor  between 
Point  Shirley,  Winthrop  and  Windmill  Point,  Hull,  and 
that  in  the  same  area,  21  yacht  clubs  afford  pleasure  to 
3,200  members  of  the  clubs  and  their  multitude  of  friends 
who  use  over  a  thousand  boats  moored  at  these  clubs. 
About  40  per  cent  of  the  boats  in  the  harbor  belong  to 
club  members.  Over  3,500  boats  ply  the  harbor  waters 
for  pleasure  purposes  each  season.  Courses  for  racing 
and  regattas  cross  sewage  fields. 

Reference  is  made  in  the  engineers'  report  of  the 
bathing  and  boating  in  the  harbor,  and  areas  in  the  inner 
harbor  where  shellfish  can  be  taken. 

Relative  to  the  bathing,  they  refer  to  the  standards 
set  for  bathing  beaches  in  the  1937  report  of  the  Joint 
Committee  on  Bathing  Places  of  the  American  Public 
Health  Association  and  the  Conference  of  State  Sanitary 
Engineers. 

The  engineers  have  appreciated  the  difficulties  of  apply- 
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ing  fixed  standards  of  safety  for  waters  for  out-of-door 
bathing,  but  they  make  reference  to  the  fact  that  pro- 
posed bacteriological  standards  of  acceptability  for  bath- 
ing waters  seem  to  hit  mainly  between  two  widely  di- 
vergent limits,  viz.,  50  B.  coli  to  every  100  c.c.  of  water 
and  1,000  B.  coli  per  100  c.c,  and  that  the  limit  of  1,000 
B.  coli  per  100  c.c.  is  fairly  acceptable. 

They  further  point  out  that  California  proposes 
limiting  the  B.  coli  index  of  such  waters  to  1,000  B.  coli 
per  100  c.c.  Also  that  it  has  been  suggested,  based  on 
studies  at  New  Haven,  Conn.,  that  the  limit  be  set  at 
an  average  of  not  more  than  100  B.  coli  per  100  c.c, 
with  a  maximum  of  not  over  1,000. 

Reference  is  made  by  the  engineers  of  a  classification  of 
bathing  waters  by  the  Connecticut  Department  of 
Health,  whereby  four  groups  or  classifications  are  pro- 
posed, as  follows: 


Class. 

Average  B.  Coli 
Index  per  100  c.c. 

A 

B 

D 

0-     50 

51-    500 

501-1,000 

Over  1,000 

The  same  areas  were  also  classified  in  Classes  A,  B, 
C  and  D  on  the  basis  of  sanitary  survey  information,  and 
final  classifications  were  based  on  both  the  analysis  and 
sanitary  survey  classifications. 

Beaches  in  Class  A  are  considered  good,  Class  D  very 
poor,  and  the  intermediate  classes  from  doubtful  to  poor. 

The  report  previously  mentioned,  in  commenting  on 
the  classification  of  beaches  made  by  the  Connecticut 
officials,  points  out  that  allowances  should  be  made  and 
distinctions  drawn  as  to  pollution  introduced  by  large 
bathing  loads  at  outdoor  bathing  places  and  pollution 
derived  from  sewer  discharges  or  other  sources. 

In  referring  to  the  conclusions  of  the  Tri-State  Pollu- 
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tion  Commission  of  New  York,  New  Jersey  and  Connecti- 
cut, our  consulting  engineers  state  that  sewage  dis- 
charged into  waters  of  Metropolitan  New  York  used  for 
bathing  and  recreation  should  not  contain  more  than 
50  B.  coli  per  100  c.c. 

Relative  to  the  bathing  beach  waters  of  Boston  Har- 
bor, our  engineers  have  assumed  that  a  single  B.  coli 
index  of  1,000  per  100  c.c.  is  a  warning  that  excessive 
contamination  may  be  present  at  times,  and  that  an 
average  index  in  excess  of  3,000  B.  coli  per  100  c.c.  shows 
that  the  waters  are  dangerous  to  public  health. 

In  this  connection  they  point  out  that  a  series  of 
samples  taken  from  12  sampling  stations  in  Boston 
Harbor  and  Quincy  Bay  when  a  strong  northerly  wind 
was  blowing  revealed  that  the  B.  coli  index  ranged  from 
1,000  per  100  c.c.  at  1  station  to  100,000  per  100  c.c.  at 
3  stations,  the  remaining  8  sampling  stations  showing 
an  index  of  10,000  per  100  c.c. 

The  engineers  express  the  opinion  that  "it  appears 
that  the  pollution  of  some  of  the  shore  waters  used  for 
bathing  as  judged  by  the  B.  coli  index  is  approaching  an 
intensity  dangerous  to  the  public  health,  and  may  now 
make  the  waters  at  some  points  unfit  for  bathing  at 
times." 

They  conclude  that  the  significance  of  the  extent  of 
pollution  in  Boston  Harbor  may  be  summarized  as 
follows : 

(a)  Sleek  and  sewage  fields  now  extend  over  large  portions  of 
Boston  Harbor  and  penetrate  into  Quincy  Bay  and  Hingham  Bay. 
In  these  bays  the  sewage  fields  have  reached  points  less  than  one 
half  mile  from  the  shore  in  many  places. 

(b)  The  bacterial  content  of  the  shore  waters  of  the  harbor,  as 
evidenced  by  the  B.  coli  index  in  some  places,  is  at  times  higher  than 
what  is  generally  considered  a  reasonable  upper  limit  for  the  safety 
of  bathing  beach  waters. 

(c)  While  the  beaches  in  general  are  not  seriously  affected  by 
grease  balls  and  other  visible  objects  of  sewage  origin,  stranded  along 
the  shore,  there  are  evidences  that  such  pollution  does  occur  and 
with  sufficient  frequency  to  lower  the  desirability  of  some  of  the 
bathing  beaches  for  recreation. 
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(d)  Although  it  is  impracticable  to  restore  the  earlier  shellfish  in- 
dustry of  Boston  Harbor,  it  is  desirable  to  maintain  the  industry 
which  now  exists  and  to  improve  conditions  affecting  the  culture  of 
shellfish. 

Conclusions. 

With  conditions  acknowledged  to  be  as  serious  as 
described  above,  and  aware  that  pollution  near  the  shore 
and  bathing  beaches  is  certain  to  increase  in  the  future, 
it  is  self-evident  that  public  officials  will  be  remiss  in  the 
exercise  of  their  duty  if  they  fail  to  recognize  the  need 
for  improvement  of  existing  conditions. 

The  American  Nature  Association  Quarterly  Bulletin 
recently  stated  that  — 

The  whole  theory  and  practice  of  pollution  is  one  of  evasion  of 
responsibility.  It  involves  also  a  flagrant  disregard  for  the  rights  of 
others  and  is  in  every  sense  an  improper  and  unsocial  practice.  If  a 
man  dumped  his  garbage  on  his  neighbor's  property,  this  neighbor 
would  have  unquestioned  recourse  under  law  backed  by  unanimous 
public  sentiment,  but  when  he  dumps  his  wastes  into  a  running  stream 
and  lets  the  water  deposit  them  on  his  neighbor's  property,  the  matter 
is  frequently  viewed  in  an  entirely  different  light  and  legal  recourse 
is  questionable  or  ineffective.  In  the  first  case,  the  offence  is  merely 
a  private  one,  while  in  the  second  it  becomes  also  a  public  one,  for  the 
wastes  are  visited  by  the  law  of  gravity  on  many  other  downstream 
neighbors  and  impair  the  use  of  the  stream  by  the  public. 

We  urge  immediate  correction  of  pollution.  We  must 
not  evade  our  responsibility.  Public  property  must  be 
free  of  pollution. 

This  Commission  firmly  believes  that  the  public  has 
patiently  awaited  legislative  action  to  correct  these  con- 
ditions, and  we  accordingly  present  the  following  pro- 
gram for  abatement  of  the  present  nuisances : 

(a)  Construction  of  sewage  treatment  works  as  an  im- 
mediate necessity. 

(b)  Treatment  of  sewage  discharged  into  Boston  Har- 
bor. 

(c)  Treatment  to  be  in  a  partial  form  as  recommended 
by  the  engineers  and  which  will  result  in  removal  of 
floating  solids  from  the  sewage;   will  remove  grease  and 
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thereby  eliminate  sleek  areas;  will  reduce  the  amount 
of  suspended  solids  in  the  water  which  are  capable  of 
creating  objectionable  sludge  deposits;  and  will  reduce 
the  excessive  bacterial  pollution  of  the  waters  during  the 
bathing  season. 

In  planning  for  construction  of  treatment  works  at 
Deer  Island  in  the  North  Metropolitan  Sewerage  Dis- 
trict, Moon  Island  for  the  Boston  Main  Drainage  Dis- 
trict, and  at  Nut  Island  for  the  South  Metropolitan 
Sewerage  District,  the  Commission  has  based  its  recom- 
mendations on  proposals  sufficiently  elastic  to  allow  en- 
largement of  operating  units  when  needed  in  the  future. 

We  are  unanimous  in  our  opinion  that  for  the  present, 
only  partial  treatment  is  necessary  for  the  sewage  dis- 
charged into  Boston  Harbor.  We  are  certain  that  by 
taking  this  first  step  for  diminution  of  pollution,  the 
menace  to  public  health  under  present  conditions  will 
be  sufficiently  reduced  to  allow  us  to  safely  postpone 
additional  treatment  of  the  raw  sewage  for  a  number  of 
years. 

We  recommend  that  the  solid  matters  settled  out  in 
this  process  be  barged  to  sea. 

(d)  Construction  of  storm  overflow  conduits  and  re- 
lief sewers  as  recommended  by  the  engineers,  which  will 
carry  off  large  quantities  of  sewage  and  storm  water  dur- 
ing rainy  spells  to  provide  a  greater  dilution  of  sewage 
before  its  discharge  through  overflow  outlets  into  inland 
streams  tributary  to  the  harbor. 

We  believe  that  if  storm  overflow  conduits  and  relief 
sewers  are  constructed,  pollution  in  our  rivers  will  be 
negligible. 

Our  program  will  clear  pollution  in  Alewife  Brook, 
Aberjona  River,  Charles  River,  Maiden  River  and  Mys- 
tic River. 

(e)  Construction  of  a  pumping  station  at  East  Concord 
Street  in  Boston  to  prevent  flooding  of  the  low  area 
between  Massachusetts  Avenue  and  Broadway  in  that 
city. 

The  North  Metropolitan  Sewerage  District  treatment 
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plant  will  be  capable  of  handling  125,000,000  gallons  per 
day.  The  present  load  in  existing  sewers  averages  82,- 
000,000  gallons  a  day. 

In  the  Boston  Main  Drainage  District  the  Moon 
Island  plant  will  be  capable  of  handling  85,000,000  gal- 
lons a  day.  The  present  sewer  carries  an  average  load 
of  70,000,000  gallons  a  day. 

The  South  Metropolitan  Sewerage  District  plant  will 
be  designed  to  treat  112,000,000  gallons  a  day.  The 
present  flow  through  the  Nut  Island  outlet  averages 
90,000,000  gallons  per  day. 

Construction  Costs.  —  Construction  of  the  storm  over- 
flow conduits,  relief  sewers  and  the  East  Concord  Street 
pumping  station  will  cost  $14,695,000,  and  three  treat- 
ment plants  will  cost  $10,022,000. 

Construction  of  the  South  Metropolitan  Sewerage  Dis- 
trict treatment  plant  will  cost  $3,058,000.  Based  on  an 
estimated  flow  of  112  m.  g.  d.  of  raw  sewage,  it  will  cost 
$27,200  for  each  m.  g.  d.  capacity.  Serving  a  population 
of  900,000  expected  in  1955,  this  plant  will  cost  but 
$3.40  per  person  to  build. 

In  the  Boston  Main  Drainage  District,  construction 
of  the  proposed  Moon  Island  treatment  plant  will  total 
$3,180,000,  a  cost  of  $37,400  for  each  m.  g.  d.  capacity. 
The  per  capita  construction  charge  is  estimated  at  $7.95. 

Construction  of  the  North  Metropolitan  Sewerage  Dis- 
trict treatment  plant  at  Deer  Island  will  total  $3,784,000, 
a  cost  of  $30,300  for  each  m.  g.  d.  capacity.  The  per 
capita  construction  charge  is  estimated  at  $5.05. 

Maintenance  Costs.  —  Our  engineers  have  estimated 
that  the  annual  operating  expenses  for  the  treatment 
plants  will  be  as  follows: 

Boston  Main  Drainage  District $240,000 

North  Metropolitan  Sewerage  District         ....         284,000 
South  Metropolitan  Sewerage  District  ....         249,000 

In  the  South  Metropolitan  Sewerage  District,  this 
operating  charge  represents  a  per  capita  assessment  of 
33  cents  per  year  to  treat  sewage.  The  cost  for  treat- 
ment of  each  m.  g.  d.  is  estimated  at  $7.34. 
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A  $7.74  charge  per  m.  g.  d.  is  estimated  for  the  Boston 
Main  Drainage  District,  where  an  annual  60-cent  per 
capita  assessment  would  be  required  to  pay  running  ex- 
penses of  the  plant. 

For  the  North  Metropolitan  Sewerage  District  it  would 
cost  16.48  per  m.  g.  d.  to  operate,  representing  an  annual 
per  capita  charge  of  40  cents. 

In  creating  this  Commission,  the  Legislature  instructed 
us  to  consider  in  our  deliberations  five  bills  presented  to 
the  1938  General  Court. 

Senate,  No.  72  and  House,  No.  47  of  last  year  called 
for  extension  of  the  North  Metropolitan  relief  sewer.  We 
have  recommended  that  $4,160,000  be  expended  to  ex- 
tend the  present  sewer  to  Deer  Island. 

Senate,  No.  216,  also  of  1938,  provided  for  treatment 
of  sewage  by  the  Boston  Main  Drainage  District.  We 
have  recommended  that  this  be  done. 

House,  No.  187  made  provision  for  construction  of 
additional  sewers  in  the  North  and  South  Metropolitan 
Sewerage  districts.  In  this  regard,  we  have  proposed 
construction  of  storm  overflow  conduits. 

House,  No.  1600  of  1937  dealt  chiefly  with  treatment 
of  sewage  to  halt  pollution  in  Boston  Harbor.  We  have 
recommended  treatment  of  sewage  at  each  of  the  three 
outlets  emptying  raw  sewage  into  Boston  Harbor. 

Financing. 

It  will  cost  $24,717,000  to  improve  sanitary  conditions 
in  the  waters  of  Boston  Harbor  and  its  tributaries. 

Improvement  is  necessary. 

We  recommend  that  the  Legislature  act  immediately 
to  make  possible  acquisition  by  the  North  and  South 
Metropolitan  Sewerage  districts  and  the  Boston  Main 
Drainage  District  of  any  Federal  funds  which  may  be 
available  to  those  districts  for  improvement  of  existing 
sewerage  systems. 

It  is  mandatory  that  Federal  assistance  be  obtained 
to  the  extent  of  at  least  45  per  cent  of  the  total  cost  of 
such  a  program. 
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We  conferred  with  Federal  officials  regarding  the  avail- 
ability of  Federal  funds  for  such  a  program. 

We  were  convinced  that  Federal  funds  will  be  avail- 
able, provided  that  the  State  provides  suitable  enabling 
legislation. 

We  conferred  with  officials  of  Metropolitan  District 
municipalities.  Our  proposed  program  was  explained. 
The  financial  requirements  of  our  recommendations  were 
carefully  outlined.  We  told  them  we  anticipate  Federal 
assistance. 

At  that  conference  mayors  and  selectmen  appeared 
agreed,  without  dissenting  vote,  that  because  biennial 
sessions  of  the  Legislature  will  eliminate  possible  action 
on  our  recommendations  in  1940,  the  Legislature  should 
promptly  approve  our  proposals.  City  and  town  officials, 
informed  of  the  financial  contributions  required  of  their 
communities,  appeared  unanimously  in  agreement  that 
the  Legislature  should  act  before  adjournment  of  the 
current  session.  This  position,  we  believe,  was  predicated 
solely  on  the  availability  of  Federal  funds. 

Our  construction  program  insures  lasting  benefits  to 
the  Metropolitan  District.  Long-term  borrowings  are 
mandatory  to  finance  these  capital  expenditures.  Im- 
provement charges  must  be  borne  by  those  enjoying 
benefits  of  the  expenditures. 

We  propose  40-year  bonds  be  issued  by  the  Metropoli- 
tan Sewerage  districts  and  the  Boston  Main  Drainage  Dis- 
trict to  finance  their  respective  portions  of  the  total  cost 
under  a  Federal  government  45  per  cent  grant. 

We  have  estimated  costs  of  financing  these  projects 
over  a  40-year  period,  and  believe  that  money  can  be 
obtained  at  a  rate  lower  than  the  3  per  cent  we  have 
employed  in  making  our  estimates. 

We  recommend  consideration  of  deferring  payment 
on  principal  of  the  bonds  for  the  first  five  years  in  order 
to  prevent  increases  in  Metropolitan  Sewerage  District 
assessments. 

The  following  table  shows  the  estimated  total  con- 
tribution which  will  be  made  by  each  city  and  town  over 
the   40-year  period  planned  for  amortization  of  bonds 


1939.]                     HOUSE  —  No.  2465.  43 

if  the  district  pays  55  per  cent  of  the  expenditures  recom- 
mended by  our  Commission,  assuming  construction  is 
started  immediately  and  bonds  are  issued  at  once  for  the 
entire  program: 

South  Metropolitan  Sewerage  District. 

Braintree $177,597 

Brookline 1,023,654 

Canton 55,088 

Dedham 157,042 

Milton •       .  247,485 

Needham .  154,575 

Newton       .                       1,060,652 

Norwood 161,153 

Quincy 794,256 

Stoughton 57,554 

Walpole 95,376 

Waltham 356,840 

'Watertown 338,751 

Wellesley 268,041 

Weymouth 310,796 

North  Metropolitan  Sewerage  District. 

Arlington $610,929 

Belmont 524,668 

Cambridge 1,884,546 

Chelsea 466,823 

Everett       . .       .  738,798 

Lexington 231,381 

Maiden 706,323 

Medford 832,162 

Melrose 388,680 

Reading 172,521 

Revere 403,903 

Somerville 1,078,767 

Stoneham 151,210 

Wakefield 220,218 

Winchester 344,028 

Winthrop 248,634 

Woburn 209,055 

City  of  Boston. 

North  Metropolitan  Sewerage  District         ....  $935,675 

South  Metropolitan  Sewerage  District          ....  2,963,252 

Boston  Main  Drainage  District 3,564,330 

Total  for  city  of  Boston $7,463,257 
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Assuming  the  bonds  are  issued  as  required  in  accord- 
ance with  the  construction  program  proposed  by  the 
engineers,  then  the  annual  charges  to  the  North  and 
South  Metropolitan  Sewerage  districts  and  the  Boston 
Main  Drainage  District  will  be  in  accordance  with 
Figs.  1,  2  and  3. 

It  will  be  noted  there  is  a  substantial  tapering  off  of 
expenditures  so-  that  the  financial  outlays  we  propose 
will  not  work  any  great  financial  hardship  on  the  dis- 
tricts. In  general,  our  fiscal  program  will  in  a  large 
degree  supplant  rather  than  increase  current  expendi- 
tures for  lasting  improvements. 

Revision  of  Assessments  for  Maintenance  of  the  North 
and  South  Metropolitan  Sewerage  Districts.  —  During 
public  hearings  held  by  this  Commission,  and  in  our 
conference  with  municipal  officials,  objections  were 
raised  to  present  methods  employed  in  making  assess- 
ments against  cities  and  towns  for  sewerage  maintenance 
and  construction. 

At  present,  in  accordance  with  sections  5  and  6  of 
chapter  92  of  the  Tercentenary  Edition  of  the  General 
Laws,  the  proportions  in  which  each  city  or  town  of  the 
North  and  South  Metropolitan  Sewerage  districts  shall 
pay  annually  to  meet  interest  and  bond  requirements 
are  based  upon  the  respective  taxable  valuations  of  the 
municipalities,  and  the  proportions  which  they  shall  pay 
for  maintenance  and  operation  are  based  upon  their 
respective  populations  as  shown  by  the  last  preceding 
state  or  national  census. 

Many  mayors  and  selectmen  have  asked  for  a  revision 
of  the  assessment  system.  They  favor  metering  of 
sewage.  A  similar  recommendation  was  made  this  year 
in  House,  No.  2190,  which  concluded  that  "The  Com- 
mission is  finally  of  the  opinion  that  until  the  relief 
sewers  are  completed,  the  method  of  assessing  on  the 
basis  of  the  amount  of  sewage  delivered  should  not  be 
adopted." 

House,  No.  1600  and  the  present  consulting  engineer's 
report  refer  to  the  large  transient  population  which  en- 
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ters  Boston  for  business  purposes  and  for  which  the 
Boston  Main  Drainage  System  provides  sewage  disposal 
facilities  without  compensation.  This  transient  popula- 
tion is  estimated  at  825,000  persons  per  day.  A  very 
large  proportion  of  this  transient  population  live  in  that 
part  of  Boston  served  by  the  North  and  South  Metro- 
politan Sewerage  districts  and  for  which  Boston  pays  an 
annual  assessment.  This  Commission  believes  that  Bos- 
ton is  entitled  to  relief  from  this  situation,  and  recom- 
mends that  a  commission  be  appointed,  consisting  of 
the  chairman  of  the  Metropolitan  District  Commission, 
Commissioner  of  the  State  Department  of  Public  Health, 
and  Commissioner  of  Public  Works  for  the  city  of  Bos- 
ton, to  study  this  question  and  to  adjust  this  inequality 
of  assessments.  Until  such  time  that  such  an  adjust- 
ment has  been  made,  this  Commission  believes  that 
temporary  relief  can  be  afforded  Boston,  provided  treat- 
ment plants  are  constructed,  by  having  the  Metropolitan 
District  Commission  dispose  of  the  sludge  from  the  Bos- 
ton Main  Drainage  treatment  works  at  no  cost  to  Bos- 
ton, other  than  its  annual  share  of  Metropolitan  sewer- 
age assessments. 

We  concur  with  that  report. 

Summary  and  Recommendations. 

Findings.  —  In  the  course  of  our  study,  this  Commis- 
sion found  — 

That  Boston  Harbor,  Quincy  Bay,  Hingham  Bay  and 
tidal  estuaries  are  polluted. 

That  streams  tributary  to  Boston  Harbor  are  polluted. 

That  a  potential  health  menace  exists  in  these  waters 
as  a  result  of  pollution. 

That  the  present  North  and  South  Metropolitan  Sew- 
erage systems  and  the  Boston  Main  Drainage  System 
are  inadequate.  Sewage  overflows  into  streams.  Pollu- 
tion results. 

That  pollution  curtails  recreational  expansion  in  Bos- 
ton Harbor  and  its  tributaries. 
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That  pollution  handicaps  growth  of  residential  areas 
along  our  coast  line.  This  threatens  to  lower  property 
values. 

That  the  danger  to  public  health  will  increase  rather 
than  decrease  if  pollution  is  not  checked. 

That  pollution  of  Boston  Harbor  must  be  stopped. 

That  pollution  of  inland  waterways  must  be  stopped. 

That  treatment  of  sewage  at  the  outlets  in  Boston 
Harbor  will  materially  improve  conditions  which  are  now 
highly  objectionable. 

That  there  is  a  widespread  public  demand  for  correc- 
tive action. 

That  Federal  funds  may  be  obtained  to  lessen  the 
financial  requirements  of  the  Metropolitan  District  and 
the  city  of  Boston  for  construction  of  treatment  works, 
overflow  conduits  and  relief  sewers. 

That  long-term  borrowings  at  low  interest  rates  can 
be  economically  negotiated. 

That  the  public  appears  not  only  willing  to  assume 
financial  obligations  for  long-term  financing,  but  de- 
mands it  as  a  means  of  launching  a  comprehensive  pro- 
gram to  eliminate  pollution. 

Recommendations.  —  As  a  result  of  our  study  we  rec- 
ommend — 

That  treatment  works  be  constructed  at  the  three 
sewer  outlets  in  Boston  Harbor  to  reduce  pollution  in 
Boston  Harbor,  Quincy  Bay,  HiDgham  Bay  and  their 
tidal  estuaries. 

That  overflow  conduits  be  constructed  in  our  inland 
systems  to  prevent  pollution  in  streams  tributary  to 
Boston  Harbor. 

That  enabling  legislation  be  enacted  immediately  that 
the  Metropolitan  District  Commission  and  the  city  of 
Boston  may  secure  Federal  funds  to  carry  out  our  rec- 
ommendations. 

^  That  legislative  authority  be  granted  immediately  to 
permit  the  Metropolitan  District  Commission  and  the 
city  of  Boston  to  issue  bonds  to  meet  their  respective 
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shares  of  the  cost  for  completing  the  program  we  have 
recommended,  that  they  may  make  preparations  to  con- 
struct these  works  when  Federal  assistance  is  assured. 
We  recommend  bonds  issued  for  this  work  be  for  a  40- 
year  period  and  principal  payments  be  deferred  for  5 
years. 

That  the  Legislature  approve  our  program  immedi- 
ately, predicated  on  a  Federal  grant  of  at  least  45  per 
cent  of  our  estimated  total  cost. 

We  recommend  that  if  storm  water  conduits  are  con- 
structed as  proposed  by  the  consulting  engineers,  Boston 
will  not  be  compelled  to  separate  storm  water  from  sew- 
age within  the  Charles  River  drainage  area,  except  in 
the  construction  of  new  sewers.  This  recommendation 
is  contained  in  the  consulting  engineers'  report. 

HARRIS  S.  RICHARDSON, 

Chairman. 

BERNARD   L.   SULLIVAN. 
JOSEPH  A.   MILANO, 

Vice-Chairman. 

JOSEPH  L.  WHITON. 
WILLIAM  A.   HASTINGS. 
ALBERT  E.   MORRIS. 
GEORGE  F.  McMAHON. 
PAUL  J.   JAKMAUH,  M.D. 
EUGENE  C.   HULTMAN. 
ARTHUR  D.  WESTON. 
JOSEPH  P.   DEVER. 
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MINORITY  REPORT. 


Boston,  June  15,  1939. 

To  the  Honorable  Senate  and  House  of  Representatives  of  Massachusetts 
in  General  Court  assembled. 

As  a  member  of  the  Special  Commission  created  by 
chapter  79  of  the  Resolves  of  1938,  I  wish  to  file  the 
following  minority  report. 

I  am  in  favor  of  the  construction  of  treatment  plants 
for  the  South  Metropolitan  Sewerage  District  at  Nut 
Island,  for  the  North  Metropolitan  Sewerage  District  at 
Deer  Island,  and  for  the  Boston  Main  Drainage  System 
at  Moon  Island. 

In  view  of  the  fact  that  the  city  of  Boston  is  con- 
fronted with  several  major  problems,  the  solution  of 
which  would  entail  great  expense,  and  each  of  which  is 
of  as  pressing  necessity  as  the  sewerage  problem,  I  am 
inclined  to  the  opinion  that  the  proposed  construction 
program,  other  than  the  treatment  plants  as  outlined 
above,  desirable  as  the  whole  program  may  be,  should 
be  delayed  until  more  favorable  financial  conditions  war- 
rant their  construction. 

Respectfully, 

ROBERT  P.   SHEA, 

Division  Engineer,  Sewer  Division,  City  of  Boston. 
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LETTER   OF  TRANSMITTAL. 


March  4,  1939. 

Special  Commission  Studying  Sewerage  Systems  and  Sewage  Disposal 
in  Metropolitan  Boston,  State  House,  Boston,  Massachusetts. 

Gentlemen  :  —  Pursuant  to  your  authorization  of 
December  9,  1938,  we  have  carried  out  the  investigations 
assigned  to  us  and  transmit  the  following  report  which 
describes  the  data,  computations  and  conclusions  relating 
to  the  problems  of  storm  overflow  conduits  and  sewage 
disposal  in  Metropolitan  Boston.  The  consulting  engi- 
neers were  instructed  to  investigate  the  following  two 
major  subjects: 

Pollution  in  the  Charles  River,  the  Mystic  River  and  its  major  tribu- 
taries, and  methods  of  correction. 
Proposed  methods  of  sewage  treatment  for  the  three  main  outlets. 

These  subjects,  together  with  other  related  items, 
are  discussed  in  the  report. 

The  major  findings  are  summarized  in  the  following 
paragraphs : 

1.  We  find  that  objectionable  conditions  exist  at  times 
in  the  Mystic  River  and  its  tributaries  and  in  the  Charles 
River,  due  to  pollution  from  sewage. 

2.  This  pollution  occurs  because  in  times  of  storm  the 
capacity  of  the  existing  intercepting  sewers  is  insufficient 
to  carry  away  the  sewage  and  storm  water  which  are  de- 
livered to  them,  and  the  excess  beyond  their  capacity  is 
discharged  into  the  streams  through  overflow  channels 
provided  for  this  purpose. 
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3.  Three  possible  methods  of  reducing  this  pollution 
are  by  treatment  locally  of  overflows,  prevention  of  dis- 
charge of  sewage  by  separation  of  storm  water  and  sew- 
age, and  by  the  construction  of  storm  overflow  conduits 
to  intercept  the  discharge  of  storm  overflows. 

4.  Consideration  has  been  given  to  constructing  con- 
duits for  delivering  the  discharge  from  these  overflows  to 
a  few  points,  and  local  treatment  plants.  It  is  not  recom- 
mended that  this  be  done. 

5.  Separation  of  storm  water  and  sewage  involves  great 
expenditures  by  the  municipalities,  and  probably  even 
greater  ones  by  the  property  owners.  Experience  indi- 
cates that  it  will  not  be  likely  to  accomplish  the  result 
desired.  It  is  not  considered  to  be  the  solution  of  this 
problem. 

6.  In  our  judgment,  correction  of  the  objectionable 
conditions  in  the  Mystic  River  and  its  tributaries  and  in 
the  Charles  River  can  best  and  most  economically  be  ob- 
tained by  the  construction  of  storm  overflow  conduits  of 
sufficient  capacity  so  that  no  overflows  into  the  streams 
will  occur  until  the  volume  of  storm  water  flowing  in  the 
sewers  has  provided  sufficiently  great  dilution  of  the 
domestic  sewage  to  prevent  objectionable  conditions  from 
such  overflows. 

If  these  recommendations  are  followed,  it  no  longer 
should  be  necessary  for  Boston  to  separate  its  storm 
water  and  sewage  in  areas  tributary  to  the  Charles  River, 
as  now  required,  when  new  sewers  are  built  or  old  sewers 
replaced. 

7.  It  is  proposed  that  a  storm  overflow  conduit  be 
constructed  in  the  valley  of  Alewife  Brook  to  provide 
relief  from  overflows  in  this  valley  and  in  the  Mystic 
River. 

8.  It  is  proposed  that  a  storm  relief  conduit  be  con- 
structed to  provide  relief  from  storm  overflows  at  the 
lower  end  of  the  larger  Arlington  branch  sewer  and  in 
the  Mystic  River. 

9.  It  is  proposed  that  a  conduit  be  constructed  in  the 
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valley  of  the  Aberjona  River  in  Woburn  to  provide  a 
sewer  outlet  for  the  northern  portion  of  Reading  and 
Woburn  and  relief  for  the  existing  Woburn  trunk  sewer. 

10.  It  is  proposed  that  a  storm  overflow  conduit  be 
constructed  along  the  Cambridge  bank  of  the  Charles 
River  to  provide  relief  from  storm  overflows  into  the 
Basin.  Near  its  lower  end  it  would  discharge  through  a 
pumping  station  and  force  main  into  tidewater  below 
the  dam.  In  designing  these  works  consideration  should 
be  given  to  the  advisability  of  maintaining  circulation  in 
the  Broad  and  Lechmere  Canals  at  low  tide  by  permitting 
the  flow  of  water  from  the  Basin  through  the  canals,  and 
the  Binney  Street  sewer  and  the  marginal  conduit  to  the 
harbor. 

11.  It  is  proposed  that  a  storm  overflow  conduit  be 
constructed  to  provide  relief  from  overflows  from  the 
lower  Maiden  branch  sewer  and  the  Old  Maiden  branch 
sewer. 

12.  It  is  proposed  that  the  North  Metropolitan  relief 
sewer  be  extended  to  Deer  Island. 

13.  It  is  proposed  that  a  storm  overflow  conduit  be 
constructed  along  the  south  bank  of  the  Charles  River  to 
provide  relief  from  storm  overflows  into  the  Basin.  It 
also  will  provide  great  relief  for  the  sewerage  systems  of 
Waltham,  Newton,  Watertown  and  the  low  Church 
Street  and  other  areas  in  the  Back  Bay  of  Boston.  Near 
its  lower  end  it  would  discharge  through  a  pumping  sta- 
tion and  force  main  into  tidewater  below  the  dam.  In 
designing  these  works,  consideration  should  be  given  to 
providing  circulation  of  fresh  water  from  the  Basin 
through  the  Back  Bay  Fens  by  admission  directly  at 
Charlesgate  and  alternately  through  the  Muddy  River 
conduit  at  Brookline  Avenue,  and  by  discharge  through 
the  existing  "foul  flow"  conduits  and  the  proposed  con- 
duit to  the  harbor. 

14.  A  relief  sewer  should  be  provided  to  relieve  the 
Stony  Brook  intercepter  and  prevent  excessive  overflows 
to  the  Charles  River  Basin. 
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15.  It  is  proposed  that  a  pumping  station  be  constructed 
to  relieve  from  flooding  the  East  Concord  Street  district, 
much  of  which  is  below  the  level  of  ordinary  high. tides. 

16.  The  estimated  cost  of  construction  of  these  con- 
duits, pumping  stations  and  force  mains  is  given  in  the 
following  table : 

Estimated  Cost 
of  Construction. 

Alewife  Brook  conduits $875,000 

Arlington  conduit 380,000 

Aberjona  River  conduit         .        .        .  i              .        .        .  675,000 

Charles  River  works  on  north  side 1,210,000 

Maiden  River  conduits 345,000 

North  Metropolitan  relief  sewer 4,160,000 

Charles  River  works  on  south  side      .....  6,210,000 

Stony  Brook  relief  sewer       .        .        ...        .        .        .  340,000 

East  Concord  Street  pumping  station         ....  500,000 

Total $14,695,000 

17.  At  the  present  time  the  sewage  of  Metropolitan 
Boston  is  discharged  raw  into  Boston  Harbor.  The  major 
factors  related  to  the  objectionable  conditions  and  the 
problem  of  sewage  disposal  are  the  following: 

Bacterial  pollution. 

Floating  solids. 

Sleek. 

Sludge  deposits. 

18.  The  suitability  of  the  shore  water  for  bathing  and 
other  recreation  and  for  shellfish  culture  is  indicated, 
first,  by  the  number  of  bacteria  of  sewage  origin,  and 
second,  by  the  appearance  of  the  water.  The  bacterial 
content  of  the  shore  waters  of  the  harbor,  as  evidenced 
by  the  B.  coli  index,  in  some  locations  and  at  times,  is 
considerably  higher  than  what  is  generally  considered  a 
reasonably  safe  upper-limit  for  bathing-beach  waters. 
Furthermore,  the  proximity  to  the  shore  of  harbor 
waters  highly  contaminated  with  raw  sewage  from  the 
main  outlets  is  a  potential  source  of  excessive  bacterial 
pollution  which  is  certain  to  increase  in  the  future.  In 
addition,  the  analyses  of  the  State  Department  of  Public 
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Health  show  that  "at  practically  every  harbor  station 
the  mud  samples  contained  many  more  bacteria  char- 
acteristic of  pollution  than  did  the  water  at  the  surface 
above."  The  stirring  up  of  the  mud  by  strong  on-shore 
winds  is  another  potential  source  of  excessive  bacterial 
pollution. 

19.  The  extent  of  objectionable  conditions  is  evidenced 
by  the  sleek  fields  and  by  the  grease  balls  and  other 
objects  of  sewage  origin  stranded  at  places  on  the  shore. 

20.  In  our  opinion,  present  conditions  are  potentially 
dangerous  to  the  public  health,  to  such  an  extent  that 
corrective  and  preventive  measures  should  be  undertaken 
as  soon  as  practicable  by  the  construction  of  sewage 
treatment  works. 

21.  The  proposed  method  of  sewage  treatment  should 
be  essentially  the  same  at  each  of  the  three  main  outlets 
(Deer  Island,  Moon  Island  and  Nut  Island),  and  should 
comprise  the  following  principal  elements: 

Fine  racks. 

Grit  chambers. 

Aero  chlorinating  tanks. 

Sedimentation  tanks. 

Sludge  storage  tanks  and  equipment  for 

disposal  of  sludge  at  sea. 
Chlorination  equipment  for  disinfection 

during  the  recreational  season. 

22.  General  plans  for  the  three  proposed  sewage  treat- 
ment plants  are  described  in  the  report  to  provide  the 
following  capacities: 


Outlet. 

Population, 
1955. 

Average  Annual 

Quantity  of 
Sewage  (m.  g.  d.). 

Boston  Main  Drainage 

400,000 
750,000 
900,000 

85.0 
125.  Q 
112.5 

Total 

2,050,000 

322.5 

23.  The  total  estimated  costs  of  construction  for  the 
year  1955  for  the  three  proposed  plants  are  briefly  sum- 
marized as  follows: 
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Outlet. 

Estimated  Cost 
of  Construction. 

S3, 180,000 

North  Metropolitan  . 

3,784,000 
3,053,000 

Total  . 

810,022,000 

24.  Assuming  that  20-year  234  Per  cent  serial  bonds 
of  equal  annual  retirement  payments  are  issued  in  1941, 
the  total  annual  costs  of  the  three  projects  as  of  1943 
are  estimated  to  be  as  follows: 


Estimated  Annual  Cost. 

Outlet. 

Operation. 

Capital 
Charges. 

Total. 

Boston  Main  Drainage      .... 

North  Metropolitan 

South  Metropolitan 

8240,000 
284,000 
249,000 

$223,400 
265,800 
214,400 

8463,400 
549,800 
463,400 

25.  The  proposed  method  of  sewage  treatment  will 
accomplish  a  reduction  in  the  bacteria  sufficient  to  re- 
move the  present  potential  danger  in  using  the  waters 
for  bathing  and  recreation,  which  in  our  opinion  is  the 
most  important  objective.  In  addition,  the  proposed 
sewage  treatment  works  will  effectively  prevent  the  ob- 
jectionable conditions  resulting  from  sleek,  settling  sus- 
pended solids  now  contaminating  the  bottom  muds,  and 
from  the  stranding  of  grease  balls  and  other  objects  of 
sewage  origin  on  the  shores. 

Very  truly  yours, 

GREELEY  &  HANSEN. 

By        Samuel  A.  Greeley. 

METCALF  &  EDDY. 
By        Harrison  P.  Eddy,  Jr. 


C&e  Commontoealtf)  of  ^assacfmsetts 


REPORT    ON    SEWERAGE    AND    SEWAGE    DIS- 
POSAL  IN   METROPOLITAN   BOSTON. 


Introductory  Statement. 

For  many  years  the  pollution  of  Boston  Harbor  by 
the  sewage  of  the  adjacent  communities  has  been  a  mat- 
ter of  sufficient  concern  and  complaint  to  have  occa- 
sioned many  investigations  and  reports  by  commissions 
and  boards  of  engineers.  The  rivers  of  Metropolitan 
Boston  have  been  polluted  to  an  undesirable  extent  by 
the  wastes  of  industries  and  the  overflows  from  combined 
and  misused  separate  sewers. 

Thus  the  General  Court  by  its  resolve  (chapter  79) 
approved  June  28,  1938,  created  a  Special  Commission 
to  make  an  investigation  relative  to  the  systems  of  sew- 
erage and  sewage  disposal  in  the  North  and  South  Met- 
ropolitan sewer  districts  and  in  the  city  of  Boston.  As 
a  part  of  their  investigation,  the  Special  Commission,  on 
December  9,  1938,  made  an  agreement  with  the  engi- 
neers to  investigate  and  report  upon  the  following  two 
major  subjects: 

Pollution  in  the  Mystic  River  and  its  major  tributaries  and  in  the 

Charles  River,  and  methods  of  correction. 
Proposed  methods  of  sewage  treatment  for  the  three  main  outlets. 

In  making  this  investigation  and  report,  the  engineers 
have  reviewed  House,  No.  1600,  1937,  the  testimony 
gathered  by  the  Special  Commission,  and  many  other 
pertinent  documents,  and  have  made  personal  observa- 
tions of  the  pertinent  parts  of  Metropolitan  Boston  and 
the  harbor,  and  of  the  main  structures  of  the  sewerage 
systems. 
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The  problem  presented  by  the  resolve  is  to  ascertain 
the  need  for  and  the  suitable  methods  of  removing  sew- 
age pollution  from  the  rivers  of  Metropolitan  Boston 
and  from  Boston  Harbor  so  as  to  remove  the  danger  to 
the  public  health  and  to  restore  their  use  for  recreation. 
Incident  to  the  solution  of  the  problem  is  the  computa- 
tion of  the  construction  and  annual  costs  of  the  necessary 
sewage  disposal  works. 

To  determine  the  character  and  size  of  the  sewage 
disposal  works,  including  storm  overflow  conduits,  pump- 
ing stations  and  sewage  treatment  works,  the  following 
factors  have  been  studied : 

(a)  The  areas  tributary  to  the  main  sewers. 

(b)  The  population  for  which  it  is  advisable  to  provide  capacity. 

(c)  The  quantity  of  sewage  which  this  population  produces  and  the 

variations  in  its  rate  of  flow. 

(d)  The  characteristics  of  the  sewage  for  which  treatment  works  are 

provided. 

(e)  The  capacity  of  the  waterways  into  which  the  sewage  is  dis- 

charged to  care  for  the  diluted  or  treated  sewage. 

In  accordance  with  this  agreement,  these  factors  have 
been  investigated  by  the  engineers  and  are  described  with 
estimates  of  cost  and  conclusions  in  the  following  sections 
of  this  report. 

Land  Areas  and  Waterways  of  Metropolitan 
Boston. 

Cities  and  Towns.  —  The  area  naturally  tributary  to 
Boston  Harbor  includes  some  20  municipalities  outside 
the  boundaries  of  Boston  and  the  North  and  South 
Metropolitan  districts.  These  cities  and  towns  outside 
the  sewerage  districts  had  a  total  population  of  84,911 
in  1935.  A  few  of  these  outside  municipalities  now  have 
sewage  treatment  works,  but  most  of  them  have  no 
sewerage  systems.  In  the  entire  area  naturally  tribu- 
tary to  Boston  Harbor  there  are  53  cities  and  towns  of 
which  32  are  served  by  the  three  main  outlets,  and  serv- 
ice is  available  to  one  other  which  now  has  no  sewers. 
The  areas  and  populations  in  1935  of  the  municipalities 
within  each  of  the  sewerage  districts  (from  House,  No. 
1600)  are  given  in  the  following  table: 
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Area  in 
Acres. 

Population. 

DlSTKICT  Ainu   luur^iuraijiii. 

Total. 

Per  Acre. 

Boston  Main  Drainage. 

8,766 

493,000 

56.2 

North  Metropolitan. 

Arlington  .... 

3,330 

38,539 

11.6 

Belmont     . 

2,990 

24,831 

8.3 

Boston 

2,210 

92,160 

41.8 

Cambridge 

3,920 

118,075 

30.1 

Chelsea 

1,435 

42,673 

29.8 

Everett 

2,140 

47,228 

22.0 

Lexington 

10,400 

10,813 

1.0 

Maiden 

3,250 

57,277 

17.6 

Medford     . 

5,350 

61,444 

11.5 

Melrose 

2,390 

24,256 

10.2 

Reading     . 

6,290 

10,703 

1.7 

Revere 

3,760 

35,319 

9.4 

Somerville 

2,540 

100,773 

39.6 

Stoneham 

3,520 

10,841 

3.1 

Wakefield  . 

4,900 

16,494 

3.4 

Winchester 

3,810 

13,371 

3.5 

Winthrop   . 

1,030 

17,001 

16.5 

Woburn 

7,890 

19,695 

2.2 

Total  . 

71,155 

741,493 

10.0 

Sout 

h  Metropolitan . 

Boston 

16,000 

451,010 

28.2 

Braintree   . 

8,600 

17,122 

2.0 

Brookline  . 

4,360 

50,319 

11.5 

Canton 

11,400 

6,505 

0.6 

Dedham    . 

6,200 

15,371 

2.5 

Milton 

8,050 

18,147 

2.3 

Needham  . 

8,000 

11,828 

1.5 

Newton 

10,800 

66,144 

6.1 

Norwood   . 

6,500 

15,574 

2.4 

Quincy 

8,040 

76,909 

9.6 

Stoughton 

10,400 

8,478 

0.8 

Walpole 

13,180 

7,449 

0.6 

Waltham    . 

8,730 

40,557 

4.7 

Watertown 

2,580 

35,827 

13.9 

Wellesley   . 

6,330 

13,376 

2.1 

Weymouth 

10,530 

21,748 

2.1 

Total  . 

139,700 

856,394 

6.1 
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The  area  ultimately  to  be  served  by  the  Boston  Main 
Drainage  outlet  is  indicated  in  House,  No.  1600  as  20 
square  miles,  and  the  area  served  in  1935  was  reported 
to  be  about  18.7  square  miles.  The  total  area  of  the  city 
of  Boston  is  26,976  acres. 

Topography.  ■ —  The  land  area  of  Metropolitan  Boston 
has  a  varied  and  uneven  topography,  typical  of  areas 
once  covered  by  glaciers  and  of  tidal  estuaries.  Near  the 
harbor  the  three  main  waterways  of  the  area  are,  or  were, 
bordered  by  extensive  flat  marshy  areas.  At  some  dis- 
tance from  the  harbor  the  land  is  rolling  and  the  topog- 
raphy is  characterized  by  hills,  valleys,  streams  and 
lakes.  The  elevations  of  several  of  the  higher  places,  as 
estimated  from  the  United  States  Geological  Survey 
topographic  maps  are  as  follows: 


Place. 

Elevation  in  Feet. 

Zion  Hill  in  Winchester 

Turkey  Hill  in  Arlington  ......... 

Cedar  Hill  in  Waltham      .         . 

Waban  Hill  in  Newton 

Corey  Hill  in  Brookline 

Blue  Hill 

205 
305 
365 
365 
225 
305 
265 
630 

Subsoil  Conditions.  —  The  subsoil  comprises  mainly 
sand,  gravel,  soft  silt  or  mud  and  clays  of  varying  degrees 
of  hardness.  Along  the  river  valleys  there  is  very  little 
rock  in  the  subsoil  above  the  elevation  normally  reached 
by  excavation  for  sewers  and  sewage  treatment  works. 
The  softer  clays  and  silts  predominate  in  the  areas  adja- 
cent to  the  harbor  and  waterways,  and  sand  and  gravel 
in  the  areas  farthest  away  from  the  harbor  and  tidal  estu- 
aries. There  is  a  substantial  amount  of  ground  water  in 
the  subsoil  throughout  the  area  under  investigation  which 
tends  to  maintain  the  summer  or  dry-season  flow  in  the 
upland  waterways.  This  infiltration  of  ground  water 
into  sewers  appears  to  be  relatively  large. 
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Extent  of  Sewerage  Systems.  —  The  total  area  in  acres, 
ultimately  to  be  served  by  each  of  the  three  main  outlets 
as  reported  in  House,  No.  1600  is  as  follows: 


Outlet. 

Ultimate  Area 
in  Acres. 

Boston  Main  Drainage 

North  Metropolitan 

South  Metropolitan    .......... 

12,800 
71,300 
140,000 

Except  in  the  Boston  Main  Drainage  District  the 
unsewered  areas  in  the  sewerage  districts  are  relatively 
extensive,  as  indicated  by  the  following  data : 


Sewerage  District. 


Per  Cent  of  Ultimate 
Area  sewered  in  1935. 


North  Metropolitan 
South  Metropolitan 


36.8 
22.0 


Much  of  the  unsewered  area  consists  of  parks,  reser- 
vations and  other  areas  not  likely  to  be  occupied  in  the 
near  future  by  houses  or  industries. 

Pumping  of  Sewage.  —  Owing  to  the  relatively  uneven 
topography  and  the  relatively  extensive  flat  areas  adja- 
cent to  the  major  waterways,  all  of  the  sewage  of  the 
Boston  Main  Drainage  and  North  Metropolitan  systems 
is  pumped  at  least  once  before  its  discharge  into  Boston 
Harbor,  and  in  the  South  Metropolitan  District  only 
66  per  cent  of  the  population  connected  to  sewers  in  1935 
is  served  by  the  high  level  sewer,  which  discharges  into 
Boston  Harbor  by  gravity. 

Industries.  —  In  Metropolitan  Boston  there  are  no 
large  centers  of  wastes-producing  industries  comparable 
to  the  stockyard  and  packing-house  districts  of  Chicago, 
Milwaukee,  Indianapolis,  Minneapolis  and  St.  Paul;  nor 
is  there  a  predominance  of  any  one  wastes-producing 
industry  similar  to  the  tanneries  in  Milwaukee  and  the 
paper  mills  in  some  of  the  Wisconsin  cities.     However, 
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Metropolitan  Boston  has  many  industries  of  various 
kinds,  which  caused  the  area  to  be  ranked  fifth  in  the 
United  States  in  1933  on  the  basis  of  the  average  number 
of  wage  earners.  Among  the  industries  in  Metropolitan 
Boston  which  produce  wastes  are  the  following: 

Tanneries. 

Woolen  mills. 

Paper  mills. 

Glue  and  gelatine  works. 

Rubber  works. 

Oil  refineries. 

Boston  Harbor.  —  The  territory  designated  as  tribu- 
tary to  Boston  Harbor  comprises  645  square  miles,  of 
which  350  square  miles  are  within  the  area  ultimately 
to  be  tributary  to  the  three  main  outlets.  The  surface 
area  of  Boston  Harbor  at  high  tide  is  27,700  acres,  and 
at  low  tide,  25,300  acres. 

The  range  of  the  tides  at  times  is  large  in  general,  as 
follows : 


Tide. 

Rise  and  Fall  in  Feet. 

9.7 

Spring: 

12.0 

With  on-shore  winds       .        . 

14.0  to  15.0 
6.0  to    7.0 

The  elevations  of  the  water  surface  in  the  harbor  under 
mean  and  extreme  conditions  of  the  tide  are  as  follows: 


Tide. 


Elevation  in  Feet. 


Mean  high 

Mean  low 

Maximum  high  water  from  tide  and  wind 


10.46 
0.72 
15.75 


The  maximum  high  water  given  above  occurred  on 
April  16,  1851,  during  a  severe  storm. 
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The  run-off  from  the  land  area  tributary  to  Boston 
Harbor  varies  with  the  season.  The  minimum  is  stated 
to  be  129  m.  g.  d.  (million  gallons  per  24  hours).  This 
run-off  is  very  small  in  comparison  with  the  quantity  of 
water  entering  and  leaving  the  harbor  during  the  tidal 
cycle.  The  quantity  of  water  entering  and  leaving  the 
harbor  during  mean  tides  is  estimated  to  be  76,086 
million  gallons,  or  about  150,000  m.  g.  d.  With  a  sew- 
age flow  of  250  m.  g.  d.  from  the  three  main  outlets,  the 
sewage  is  diluted  about  600  times  by  water  entering  and 
leaving  the  harbor,  on  the  basis  of  complete  displacement. 
Of  course,  the  displacement  is  far  from  complete,  but 
nevertheless,  there  is  enough  dilution  to  maintain  a  suf- 
ficient amount  of  dissolved  oxygen  in  the  harbor  waters 
to  prevent  gross  nuisance. 

Boston  Harbor  contains  a  number  of  relatively  large 
islands,  which,  in  conjunction  with  the  bottom  topog- 
raphy and  the  dredging  which  has  been  done,  tend  to 
concentrate  the  flow  of  water  and  to  make  tidal  currents 
in  certain  stretches  of  the  harbor.  The  higher  velocities 
occur  between  Deer  and  Long  islands  in  the  outer  part 
of  the  harbor;  but  the  tidal  currents  are  also  strong  be- 
tween Spectacle  and  Long  islands  and  between  Rainsford 
and  Long  islands.  Peddocks  Island  lies  across  the  mouth 
of  Hingham  Bay,  making  this  part  of  the  harbor  some- 
what landlocked.  The  mouth  of  Quincy  Bay  is  not  ob- 
structed in  this  manner.  Thompson  Island  is  located 
off  Dorchester  Bay  and  Old  Harbor. 

The  temperature  of  the  harbor  water  is  somewhat  low, 
ranging  from  28.8°  F.  to  71.6°  F. 

The  principal  streams  tributary  to  Boston  Harbor  are 
the  following,  of  which  the  first  three  named  are  the 
largest : 

Charles  River. 
Mystic  River. 
Neponset  River. 
Chelsea  Creek. 
Monatiquot  River. 
Weir  River. 

Weymouth  Back  River. 
Weymouth  Fore  River. 
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The  lower  reaches  of  the  three  main  rivers  are  tidal 
estuaries  in  all  of  which  the  fluctuations  of  the  tide  for- 
merly extended  considerable  distances  up  the  valleys  of 
these  rivers.  The  reach  of  the  tides  now  limited  by  the 
dam  which  have  been  built  is  indicated  by  the  following 
data: 


River. 


Point  or  Reach. 


Distance  from  Har- 
bor in  Miles. 


Neponset 

Charles 

Mystic 


Milton  Lower  Mills  Dam 
Charles  River  Dam 
Cradock  Dam 


2.0 
1.0 
5.5 


Neponset  River.  —  The  Neponset  River  discharges  into 
Dorchester  Bay  at  the  northerly  limits  of  the  city  of 
Quincy.  It  flows  in  a  general  easterly  direction  and  lies 
mainly  within  the  South  Metropolitan  District.  It  has 
a  drainage  area  of  about  117  square  miles. 

The  quantity  of  water  flowing  in  the  Neponset  River 
is  relatively  constant,  varying  in  general  from  somewhat 
less  than  100  to  more  than  200  cubic  feet  per  second.  The 
following  table  gives  a  record  of  the  average  flow  and  the 
dissolved  oxygen  in  the  Neponset  River  from  1927  to  1935 : 


Yeah. 

Average  Flow  in 
Cubic  Feet  per  Second. 

Dissolved  Oxygen  in 
Per  Cent  Saturation. 

1927       . 

245 

42.7 

1928 

207 

38.9 

1929       . 

116 

33.8 

1930 

105 

46.3 

1931 

216 

68.4 

1932       . 

202 

80.2 

1933 

157 
83 

77  4 

68.9 

63 

68.7 

A  number  of  industries  discharge  wastes  into  the 
Neponset  River,  the  quantity  in  1935  from  industries 
in  Walpole,  Stoughton,  Canton  and  Boston  being  esti- 
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mated  at  8.71  m.  g.  d.  The  amount  of  dissolved  oxygen 
in  the  river  water  has  increased,  and  the  condition  of  the 
river  has  improved  since  the  construction  in  1932  of  the 
Neponset  River  Valley  sewer. 

At  the  present  time  the  Neponset  River  is  not  much 
used  for  recreation.  Although  large  areas  along  the  river, 
both  below  the  dam  at  Milton  Lower  Mills  and  near  Blue 
Hill,  have  been  acquired  by  the  Commonwealth  for 
reservations,  the  river  is  not  used  for  canoeing,  sailing 
and  general  recreation  to  the  same  extent  as  the  Charles 
and  the  Mystic. 

Charles  River.  —  The  Charles  River,  which  discharges 
into  Boston  Harbor  between  Charlestown  and  Boston 
proper,  flows  in  a  general  easterly  direction  near  the 
center  of  Metropolitan  Boston.  It  has  a  drainage  area 
of  298  square  miles.  The  Charles  River  rises  some  25 
miles  southwest  of  Boston  and  about  12  miles  beyond  the 
boundary  of  the  South  Metropolitan  District. 

The  quantity  of  water  flowing  in  the  Charles  River  is 
relatively  constant,  but  is  smaller  per  square  mile  of  drain- 
age area  than  in  the  Neponset  River.  The  flow  varies, 
in  general,  from  less  than  100  to  somewhat  less  than  200 
c.  f.  s.  (cubic  feet  per  second).  The  following  table  gives 
a  record  of  the  average  flow  and  the  dissolved  oxygen  in 
the  Charles  River  at  West  Boston  bridge  from  1930  to 
1935,  for  the  months  of  June  to  November,  inclusive: 


Year. 

Flows  at  Waltham 

Dam  in 

Cubic  Feet  per  Second. 

Dissolved  Oxygen  in 
Per  Cent  Saturation. 

1930 

1931 

1932 

1933 

1934 

52 
140 
188 
127 
91 
97 

92.3 
78.4 
75.6 
85.0 
93.2 
104.5 

The  quantity  of  industrial  wastes  discharged  into  the 
Charles  River  is  not  very  large,  amounting  to  about  3.0 
m.  g.  d.  in  1935.    The  amount  of  dissolved  oxygen  in  the 
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river  water  is,  in  general,  ample,  but  was  reduced  to  75.6 
per  cent  during  the  dry  year  of  1932,  when  low  flows  of 
about  20.0  m.  g.  d.  prevailed  during  June  to  September. 

At  the  present  time  the  Charles  River  is  used  exten- 
sively for  recreation,  including  canoeing  and  boating. 
During  the  spring,  summer  and  fall  there  are  many  racing 
shells  and  sailboats  on  the  water  of  the  Basin,  and  there 
is  much  canoeing  on  the  upper  reaches. 

Mystic  River.  —  The  Mystic  River  discharges  into 
Boston  Harbor,  after  its  junction  with  Chelsea  Creek, 
between  Charlestown  and  East  Boston.  It  flows  in  a 
general  southeasterly  direction,  mainly  in  the  North 
Metropolitan  District.  It  has  a  drainage  area  of  about  72 
square  miles.  Its  principal  tributaries  are  the  Aberjona 
River,  with  a  drainage  area  of  28.5  square  miles;  Alewife 
Brook,  with  a  drainage  area  of  7.08  square  miles;  and 
Maiden  River,  with  a  drainage  area  of  11.0  square  miles. 

No  record  of  the  quantity  of  water  flowing  in  the 
Mystic  River  or  its  principal  tributaries  is  available.  A 
considerable  stretch  of  the  river  below  Cradock  Dam  in 
Medford  is  a  tidal  estuary.  The  tides  also  extend  some 
distance  up  the  Maiden  River.  The  following  table 
gives  a  record  of  the  dissolved  oxygen  in  the  Aberjona 
River  from  1930  to  1935 : 


Year. 

Dissolved  Oxygen  in 
Per  Cent  Saturation. 

1930 

76.6 

1931 

79.8 

1932 

63.4 

1933 

79.5 

1934 

84.7 

1935          .... 

95.9 

There  are  numerous  wastes-producing  industries  in  the 
drainage  area  of  the  Mystic  River.  Relatively  large 
quantities  of  industrial  wastes  were  formerly  discharged 
into  the  Aberjona  River,  and  some  reached  Alewife  Brook 
through  Tannery  Brook.     There  are  a  few  industries 
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which  discharge  relatively  small  quantities  of  industrial 
wastes  into  the  Maiden  River. 

At  the  present  time  the  upper  portions  of  these  streams 
are  much  used  for  recreation  and  marginal  parkways. 
This  is  particularly  true  of  the  Mystic  River  above  Crad- 
ock  Dam,  most  of  the  shore  line  of  Alewife  Brook,  and 
the  lower  portion  of  the  Aberjona  River.  The  predomi- 
nant use  of  the  shores  of  the  Maiden  River  is  for  com- 
merce and  industry.  Along  the  western  boundary  of 
Medford  the  Mystic  River  expands  into  the  Mystic 
Lakes,  which  are  much  used  for  boating,  bathing  and 
general  recreation. 

Channels.  —  Boston  Harbor  extends  for  short  dis- 
tances into  Chelsea  Creek  and  the  Mystic  and  Charles 
rivers,  and  the  lower  reaches  of  these  rivers  are  used 
extensively  by  commerce  and  industry.  These  channels 
serve  the  United  States  Navy  Yard,  the  Mystic  Docks, 
several  railroad  terminals,  and  many  docks  for  ocean- 
going and  coastwise  vessels.  Fort  Point  Channel  extends 
in  a  southerly  direction  from  the  main  ship  channel  for 
a  distance  of  almost  two  miles. 

Description  of  Existing  Works.  —  For  a  description  of 
the  existing  sewerage  works,  reference  is  made  to  House, 
No.  1600,  being  the  report  to  the  General  Court  of  the 
special  commission  on  the  investigation  of  the  discharge 
of  sewage  into  Boston  Harbor  and  its  tributaries.  In 
that  comprehensive  report  the  existing  works  are  clearly 
and  completely  described. 

For  the  purposes  of  this  report,  it  may  suffice  to 
briefly  describe  each  of  the  three  sewerage  systems  as 
follows:  the  North  Metropolitan  System  serves  the  area 
north  of  the  Charles  River  except  Waltham  and  Water- 
town,  with  a  system  of  trunk  sewers  extending  up  the 
north  side  of  the  Charles  River  and  up  the  Mystic  River 
and  each  of  its  tributaries,  with  an  outlet  into  the  har- 
bor near  Deer  Island  light;  the  Boston  Main  Drainage 
System  serves  the  older  portions  of  the  city  of  Boston 
except  Charlestown  and  East  Boston,  and  has  an  outlet 
into  the  harbor  at  Moon  Island;   and  the  South  Metro- 
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politan  System  serves  Waltham  and  Watertown  on  the 
north  bank  of  the  Charles  River  and  areas  to  the  west 
and  south  of  the  Boston  Main  Drainage  District  and 
has  an  outlet  into  the  harbor  near  Nut  Island. 

Population. 

Period  of  Design.  —  On  account  of  the  expense  of 
building  relief  sewers  and  the  inconvenience  to  the  public 
during  construction,  it  is  advisable  to  build  such  struc- 
tures of  adequate  size  to  serve  the  tributary  area  for  a 
substantial  time.  On  the  other  hand,  the  interest  charges 
on  large  structures  during  the  early  portion  of  their 
existence,  before  the  territory  they  serve  has  reached  the 
stage  of  development  anticipated  in  design,  together  with 
the  uncertainties  involved  in  estimating  the  future 
development  of  cities  and  towns  for  long  periods  in  the 
future,  tend  to  shorten  the  time  for  which  it  is  economical 
to  build.  It  is  common  practice  to  design  large  sewers  of 
sufficient  size  for  a  period  of  thirty  to  fifty  years.  In  this 
investigation,  sewers  have  been  based  on  conditions 
expected  to  exist  in  the  year  1975. 

The  construction  of  sewage  treatment  plants,  on  the 
other  hand,  does  not  inconvenience  the  public  as  does 
sewer  construction.  Furthermore,  such  plants  can  be 
enlarged  from  time  to  time  as  the  need  arises,  by  building 
additional  units.  Therefore,  in  determining  the  capacity 
of  such  works,  it  is  unnecessary  to  make  such  a  liberal 
allowance  for  the  future  growth  of  the  territory.  In  this 
investigation,  sewage  treatment  works  have  been  esti- 
mated with  an  adequate  capacity  for  the  year  1955. 

Present  Population.  —  The  1935  resident  population 
in  each  of  the  three  sewerage  districts  is  given  in  the 
tabulation  below,  the  figure  for  the  North  Metropolitan 
District  being  taken  from  the  Massachusetts  State  Census 
of  1935,  and  those  for  the  other  districts  from  an  informal 
estimate,  based  on  that  census,  made  jointly,  late  in  1938, 
by  the  Massachusetts  State  Planning  Board  and  the 
Massachusetts  Department  of  Public  Health.  This 
tabulation  shows  also  the  estimated  population  contribut- 
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ing  sewage  in  1935  and  its  percentage  of  the  resident 
population : 


Sewerage  District. 

Resident 

Population 

in  1935. 

Contributing  Popula- 
tion in  1935. 

Total. 

Per  Cent. 

North  Metropolitan 

South  Metropolitan 

Boston  Main  Drainage 

740,585 
844.318  = 
415,524  = 

696,470  ■ 
643,690" 
415.524  = 

94 
76 
100 

Total 

2,000,427 

1,755,684 

88 

i  From  House,  No.  1600,  1937. 

-  From  informal  estimate  by  Massachusetts  State  Planning  Board  and  Massachusetts 
Department  of  Public  Health,  1938. 

Future  Population.  —  Although  several  estimates  of  the 
future  population  of  the  Metropolitan  District  and  of 
Boston  are  available,  consideration  of  the  compulsory 
restriction  of  immigration,  the  birth  and  death  rates,  and 
other  factors  influencing  change  in  population  in  Massa- 
chusetts has  led  to  the  adoption,  for  the  capacity  of 
sewage  treatment  plants,  of  the  conservative  estimates  for 
the  year  1955  recently  made  jointly  by  the  Massachusetts 
State  Planning  Board  and  the  Massachusetts  Department 
of  Public  Health.  These  are  given  in  the  following  tab- 
ulation, together  with  the  estimated  population  which 
will  then  (1955)  contribute  sewage  and  the  estimated 
percentage  which  this  is  of  the  total  population: 


Sewerage  District. 


Estimated 

Total 

Population 

in  1955. 


Estimated  Contributing 
Population  in  1955. 


North  Metropolitan    . 
South  Metropolitan 
Boston  Slain  Drainage 
Total     . 


790,000 
980,000 
400,000 


2,170,000 


2,050,000 


The  estimates  of  total  population  are  also  shown  graphi- 
cally on  Fig.  1,  where  they  are  compared  with  the  esti- 
mated future  population  of  the  State  as  a  whole. 
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For  use  in  designing  the  proposed  storm  overflow  con- 
duits, it  is  necessary  to  know  the  probable  future  popu- 
lation, not  only  in  the  entire  district,  but  also  in  the 
individual  cities  and  towns  through  which  they  are  to  be 
built. 

For  the  North  Metropolitan  District,  in  which  most 
of  the  proposed  conduit  construction  is  to  be  located, 
consideration  has  been  given  to  the  estimate  of  the 
Metropolitan  Planning  Division,  based  on  a  survey 
made  in  1927  and  1928;  an  informal  estimate  by  the 
birth  rate,  death  rate  and  migration  method;  an  esti- 
mate recently  made  jointly  by  the  Massachusetts  State 
Planning  Board  and  the  Massachusetts  Department  of 
Public  Health;  and  recent  estimates  of  the  Sewerage 
Division  of  the  Metropolitan  District  Commission.  For 
comparative  purposes  these  estimates  are  shown  graphi- 
cally on  Fig.  2. 

Consideration  of  both  state  and  federal  census  records 
shows  that  eight  densely  populated  municipalities  in  the 
north  district  have  actually  decreased  in  population  since 
the  years  of  their  greatest  population,  the  total  loss  being 
26,130  persons.  One  other  town  has  nearly  stopped 
growing.  The  other  ten  have  continued  to  grow,  seven 
rapidly  and  three  slowly.    The  1935  populations  of  the 


76 


HOUSE  — No.  2465. 


[June 


Fig.  Z 


METROP.   PLANNING 
DIVISION 
1927  -  28 


M.D.C. 
SEWERAGE    DIVISION 
MAXIMUM" 


U! 


M.D.C. 
SEWERAGE   DIVISION 
MOST    PROBABLE" 


"K-MASS  ST.  PLG.BD.  e 
MASS.  DEPT.  PUB.  H 


BIRTH   RATE, DEATH 
RATE.  MIGRATION 


1940  1950 

YEAR 


COMMONWEALTH  OF  MASSACHUSETTS 
SPECIAL  COMMISSION  ON  SEWAGE  DISPOSAL  IN  METROPOLITAN  BOSTON 


ESTIMATES   OF     POPULATION 
NORTH    METROPOLITAN     SEWERAGE    DISTRICT 


MARCH,    1939 

REPORT  OF  CONSULTING  ENGINEERS 

GREELEY  C  HANSEN 

METCALF  P  EDDY 


1939.] 


HOUSE  — No.  2465. 


77 


municipalities,    classified   according   to   rate   of   growth, 
are  given  in  Table  1. 

Table  1.  —  North  Metropolitan  Sewerage  District  —  Population  of 
Municipalities  from  1935  State  Census  grouped  according  to  Rate 
of  Growth. 


Growing 
rapidly. 

Growing 
slowly. 

Losing 
Population.  » 

38,539 

- 

- 

24,831 

- 

- 

- 

- 

118,075 

- 

- 

29,610 

- 

- 

42,673 

East  Boston 

- 

- 

61,642 

- 

- 

47,228 

10,813 

- 

- 

- 

- 

57,277 

- 

61,444 

- 

24,256 

- 

- 

10,703 

- 

- 

- 

- 

35,319 

- 

- 

100,773 

10,841 

- 

- 

Wakefield    .        .        .        .        . 

- 

16,494 

- 

13,371 

- 

- 

Winthrop    

- 

- 

17,001 

Woburn 

- 

19,695 

- 

Total 

133,354 

97,633 

509,598 

1  Including  one,  Winthrop,  which  has  nearly  stopped  growing. 


The  estimated  increase  in  population  from  1935  to 
1965,  for  the  entire  district,  by  the  "most  probable" 
estimate  of  the  Sewerage  Division,  namely,  94,415,  is 
71  per  cent  of  the  1935  population  of  those  seven  munici- 
palities still  growing  rapidly.  It  is  41  per  cent  of  the  1935 
population  of  these  municipalities  plus  those  growing 
slowly  (not  including  the  one  in  which  growth  has  nearly 
stopped).  If  it  were  assumed  that  these  estimates  were 
for  1975,  instead  of  1965,  the  mean  annual  growth  for 
the   forty  years   would   be   equivalent,   respectively,   to 
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1.75  per  cent  and  1.0  per  cent  of  the  populations  of  these 
groups  of  municipalities.  For  purposes  of  conduit  design 
in  the  north  district,  the  "most  probable"  estimates  of 
the  Sewerage  Division  have  been  adopted  as  reasonable, 
but  they  are  deemed  applicable  to  the  year  1975.  These 
estimates  for  the  individual  municipalities,  giving  a  total 
population  of  835,800,  are  shown  in  the  first  column  of 
figures  in  Table  2. 

Table  2.  —  North  Metropolitan  Sewerage  District  —  Estimated  Popu- 
lation, Net  Habitable  Area  and  Density  of  Population  in  1975. 


Estimated 

Future 

Population. ] 


Estimated 

Future  Net 

Habitable 

Area.2 


Estimated 
Future 

Density  of 

Population 
(Persons 

per  Acre). 


Arlington    . 

Belmont 

Cambridge 

Charlestown 

Chelsea 

East  Boston 

Everett 

Lexington    . 

Maiden 

Medford 

Melrose 

Reading 

Revere 

Somerville  . 

Stoneham    . 

Wakefield    . 

Winchester 

Winthrop     . 

Woburn 


60,000 
38,000 
115,000 
24,000 
40,000 
55,000 
50,000 
22,000 
70,000 
80,000 
34,000 
16,300 
43,000 
90,000 
17,000 
24,000 
18,500 
16,000 
23,000 


3,030 
3,260 
3,470 
810 
1,325 
1,395 
1,870 
10,200 
2,660 
3,910 
2,440 
6,250 
3,550 
2,540 
2,730 
4,070 
3,400 
1,030 
7,830 


835,800 


65,770 


1  From  "most  probable"  estimate  of  Sewerage  Division  of  Metropolitan  District  Com- 
mission, but  for  1975. 

2  From  1937  annual  report  of  Metropolitan  District  Commission,  except  that  area  in  Bel- 
mont has  been  increased  to  3,260  from  2,410  acres. 


For  the  Charles  River  Valley  storm  overflow  conduit 
consideration  has  been   given  to  the  estimates  of  the 
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Metropolitan  Planning  Division  for  the  year  1965,  based 
on  the  survey  of  1927  and  1928,  and  the  corresponding 
densities,  as  given  in  the  tabulation  below: 


Estimated  Popula- 
tion in  1965. 

Average  Density 
(Per  Cent  per  Acre). 

Weston 

6,660 

0.6 

45,590 

18.0 

52,800 

7.0 

120,000 

11.0 

61,000 

25.0 

87,100 

25.0 

The  adopted  estimates  of  population,  area  and  density 
of  population  tributary  to  this  conduit  in  the  year  1975 
are  given  in  the  tabulation  below: 


Population. 

Area. 

Average 
Density 
per  Acre. 

Weston 

9,840 

4,920 

2 

Watertown 

45,590 

2,450 

18 

52,800 

7,280 

7 

34,000 

3,010 

11 

55,000 

913 

60 

149,000 

2,480 

60 

Boston 

103,000 

1,030 

100 

Transient  Population.  —  A  traffic  count 1  to  determine 
the  number  of  persons  entering  and  leaving  central 
Boston  was  made  on  June  28,  1927,  a  typical  week  day, 
between  7  a.m.  and  midnight.  A  total  of  1,656,953  per- 
sons was  recorded,  which  would  represent  round  trips 
on  the  part  of  some  825,000  persons.  Vehicles  that 
passed  through  central  Boston,  but  had  both  origin  and 
destination  outside  of  central  Boston,  were  not  counted. 

In  sewer  design,  consideration  has  been  given  to  the 
transient  population  in  the  high  density  assumed  for 
Boston.    In  the  design  of  sewage  treatment  plants,  con- 

1  Report  on  a  Thoroughfare  Plan  for  Boston,  prepared  by  the  City  Planning  Board,  1930. 
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sideration  has  been  given  to  the  transient  population  in 
adopting  the  relatively  high  per  capita  rate  of  sewage 
flow  obtained  from  pumping  records  of  the  Boston  Main 
Drainage  District. 

Density  of  Population.  —  In  order  to  determine  the  ca- 
pacity of  the  proposed  storm  overflow  conduits,  it  is 
necessary  to  know  the  area  tributary  and  the  probable 
future  population  contributing  flow  at  the  various 
points  of  entry. 

The  land  area  ultimately  to  be  connected  to  the 
Metropolitan  District  sewers  is  given  in  the  annual 
reports  of  the  District.  In  1936  this  tabulation  is  said 
to  have  been  changed  for  many  cities  and  towns  in 
response  to  a  request  that  they  bring  their  figures  up  to 
date  as  the  net  habitable  area  after  deducting  areas  of 
parks  and  cemeteries.  The  areas  in  the  North  Metro- 
politan District  as  given  in  the  last  (1937)  annual  report 
are  shown  in  Table  2.  To  determine  the  area  of  individual 
sewerage  districts  in  each  of  the  cities  and  towns  through 
which  storm  overflow  conduits  are  to  be  built  has  required 
study  in  the  city  and  town  engineers'  offices,  preparation 
of  maps,  and  the  measurement  thereon  of  the  individual 
sewerage  districts. 

The  average  densities  of  population  in  the  cities  and 
towns  of  the  area  tributary  to  the  Charles  River  Valley 
storm  overflow  conduit  are  given  in  the  preceding  table, 
and  for  North  Metropolitan  District,  in  Table  2.  In 
general,  the  average  densities  of  population  and  the 
tributary  areas  given  in  the  tables  just  referred  to  have 
been  used  herein  for  estimating  storm  overflow  conduits, 
with  the  following  exceptions:  (a)  the  density  of  popu- 
lation has  been  increased  on  small  areas  at  the  upper 
ends  of  sewers  to  allow  for  unpredictable  population 
increases  on  small  areas;  and  (6)  the  areas  tributary  to 
the  sewers  from  place  to  place,  as  measured,  in  some 
cases  cannot  be  made  to  check  closely  the  total  areas  in 
the  tables. 
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River  Pollution  Problems. 

In  recent  years  the  waters  of  the  Mystic  River  and 
its  tributaries  and  of  the  Charles  River  have  at  times 
been  found  to  contain  pollution  in  such  degree  as  to 
raise  the  question  whether  their  use  for  bathing  should 
be  continued. 

Evidence  of  Pollution  of  Rivers  by  Sewage  Overflows.  — 
Evidence  to  this  effect  is  furnished  by  House,  No.  1600, 
which  contains  the  following  statement: 

The  results  of  the  bacterial  examinations  of  the  samples  of  water 
collected  from  certain  tributary  streams  used  for  bathing,  viz.,  the 
Aberjona  River,  the  Mystic  River  and  the  Charles  River  Basin, 
showed  a  much  larger  number  of  bacteria  characteristic  of  pollution 
than  should  be  found  in  waters  used  for  this  form  of  recreation.  At 
only  two  beaches  it  was  found  necessary  for  the  Department  of  Public 
Health  to  recommend  that  bathing  be  prevented.  Pollution  of  some 
of  these  areas  obviously  was  caused  by  the  overflow  of  sewage  from 
outlets  provided  for  the  purpose. 

Relative  to  the  water  of  the  Charles  River,  House,  No. 
1600  states  that  "it  has  not  been  found  to  be  in  an  ob- 
jectionable condition  in  the  Charles  River  Basin,  except 
when  sewage  is  overflowing  directly  into  this  basin."1 

The  same  document  says  that  "the  Aberjona  River 
throughout  much  of  the  period  of  the  recent  investiga- 
tion has  received  large  quantities  of  sewage  from  the  North 
Metropolitan  Sewerage  System,  and  the  condition  of  this 
stream  in  the  town  of  Winchester  has  been  the  cause  of 
considerable  complaint."  The  construction  of  the  Mystic 
River  relief  sewer  and  its  extension  downstream,  in  the 
form  of  the  North  Metropolitan  relief  sewer,  are  said  to 
have  effectively  prevented  overflows  of  sewage  into  the 
Mystic  River  and  Lakes  along  the  course  of  these  sewers 
when  operating  normally.  It  is  understood,  however, 
that  overflows  still  occur  from  the  Alewife  Brook  sewer, 
the  lower  end  of  the  Arlington  sewer,  the  Maiden  River 
sewer  and  the  North  Metropolitan  sewer,  where  it  has 

1  Italics  are  ours. 
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not  yet  been  relieved.  It  is  also  understood  that  the 
Aberjona  River  sewer  of  Woburn  would  have  insufficient 
capacity  if  the  industries  connected  with  it  were  operat- 
ing at  normal  production. 

Reasons  for  Pollution  of  Rivers  by  Sewage  Overflows.  — 
If  the  sewerage  districts  were  served  only  by  separate 
sewers,  with  no  storm  water  connections  from  streets  or 
roofs,  and  no  cellar  drain  connections,  then  the  entire 
sewage  flow  would  be  made  up  of  domestic  sewer,  indus- 
trial wastes  and  ground  water  infiltration.  To  care  for 
storm  water  there  would  have  to  be  an  independent  sys- 
tem of  storm  drains  of  considerably  greater  size  than 
that  of  the  separate  sewers. 

Were  such  a  separate  system  in  use  in  the  valleys  of 
the  Mystic  and  Charles  rivers,  the  storm  drains  would 
discharge  directly  into  the  nearest  water  courses.  Dis- 
charges from  such  drains  containing  no  sewage  or  indus- 
trial wastes  would  be  relatively  unobjectionable.  Trunk 
sewers  would  be  built  in  the  valleys,  to  collect  the  sew- 
age from  the  separate  sewers  for  delivery  to  the  outlets 
in  the  harbor.  No  overflow  channels  from  the  separate 
sewers  would  be  provided,  and  no  sewage  would  enter 
the  streams. 

Actually,  however,  a  large  part  of  the  North  Metro- 
politan District1  is  served  by  combined  sewers,  intended 
to  carry  both  storm  water  and  sewage.  The  rest  of  the 
area  is  served  by  separate  sewers,  which  have  been 
abused  by  the  admission  of  storm  water  which  they  were 
not  intended  to  carry.  These  systems  are  so  designed 
that  the  storm  flows  are  discharged  directly  into  the 
nearest  water  course,  but  intercepting  sewers  collect 
the  dry-weather  flow  and  deliver  it  to  the  outlets  in  the 
harbor.  In  times  of  storm,  since  the  capacity  of  the 
intercepting  sewers  is  insufficient  for  much  storm  water, 
mingled  sewage  and  storm  water  are  discharged  directly 
into  the  streams  through  numerous  overflow  channels 
provided  for  this  purpose.    It  is  in  this  manner  that  the 

1  Consisting  of  much  of  Cambridge,  Charlestown,  Chelsea,  East  Boston,  Everett  and 
Somerville. 
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pollution  complained  of  occurs.  Similar  conditions  exist 
in  the  South  Metropolitan  District,  where  combined 
sewers  serve  Boston,  Brighton  and  a  portion  of  Brook- 
line,  and  where  the  separate  systems  in  much  of  the  rest 
of  the  district  have  been  abused. 

That  the  pollution  is  caused  by  the  conditions  outlined 
above  is  attested  by  the  following  abstracts  from  House, 
No.  1600,  relative  to  the  North  Metropolitan  District: 

"This  condition  is  to  be  expected  as  large  quantities 
of  surface  water  enter  the  system  through  manhole  covers 
when  the  water  in  adjacent  water  courses  rises  to  a  suffi- 
cient elevation,  and  where  water  enters  the  sewers  from 
cellar  and  roof  drains."1  This  document  states  further 
that  it  is  "  obvious  from  both  the  investigations  of  1929- 
1930  and  1935-1936  that  the  capacity  of  the  North 
Metropolitan  Sewerage  System  .  .  .  must  be  increased 
to  divert  more  storm  water  unless  additional  surface 
drains  are  provided  to  separate  the  storm  water  now 
entering  this  system  from  the  domestic  sewage."  Also, 
"it  has  been  impracticable  with  the  funds  available 
under  the  present  investigation  to  determine  how  best 
the  capacity  of  the  North  Metropolitan  Sewerage  Sys- 
tem can  be  increased  and  the  entrance  of  storm  water 
prevented.  ...  A  program  for  a  progressive  enlarge- 
ment of  the  system  and  separation  of  storm  water  from 
sanitary  sewage  should  be  established. ,n 

Similar  testimony  in  regard  to  the  South  Metropolitan 
System  is  given  in  the  following  abstracts  from  House, 
No.  1600: 

In  spite  of  this  provision  of  law,  large  quantities  of  surface  drain- 
age enter  the  South  Metropolitan  Sewerage  System,  as  evidenced  by 
the  maximum  flow  in  the  sewers  at  time  of  and  immediately  following 
storms.  .  .  .  The  local  officials  [referring  to  Waltham,  Newton  and 
Watertown]  were  interviewed  to  ascertain  the  probable  cause  of  such 
an  increase  in  the  flow,  and  all  the  employees  of  the  departments  inter- 
viewed stated  that  connections  to  the  sewerage  system,  except  for 
sanitary  sewage,  were  forbidden,  and  that,  in  so  far  as  they  knew, 
there  were  no  connections  whereby  drainage  from  roofs  or  surface 
drainage  could  enter  the  sewers.     However,  it  was  obvious  from  this 

1  Italics  are  ours. 
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investigation  that  large  quantities  of  storm  water  do  enter  the  sewers.1 
It  is  impracticable  to  determine  the  extent  to  which  the  trunk  system 
of  sewers  is  surcharged  at  times  of  storm,  because,  during  such  periods, 
overflow  gates  are  open  and  large  quantities  of  mingled  storm  water 
and  sewage  are  released.  These  quantities  would  not  be  measured 
at  the  Ward  Street  Station. 

It  is  known  that  in  certain  parts  of  the  South  Metropolitan  high 
level  system  connections  were  made  with  systems  constructed  on  the 
combined  plan,  such  connections  having  been  made  temporarily  with 
the  understanding  that  the  separation  of  storm  water  from  sanitary 
sewage  in  such  districts  would  be  made  as  rapidly  as  practicable. 
Reference  is  made  below,  under  "Cost  of  Separation  of  Storm  Water," 
to  such  separation  in  the  city  of  Boston  under  the  Special  Acts  of  the 
Legislature  of  1907.  //  surcharging  of  the  South  Metropolitan  Sewerage 
System  is  to  be  prevented,  an  extensive  program  of  separation  of  storm 
water  from  sanitary  sewage  must  be  established. 1  In  addition,  it  will  be 
necessary  in  certain  parts  of  the  system  to  reconstruct  portions  of  the 
sewers  and  manholes,  especially  in  the  vicinity  of  the  towns  of  Need- 
ham  and  Dedham,  where  under  present  conditions  large  quantities 
of  surface  water  may  enter  the  sewerage  system  through  manhole 
openings  during  times  of  high  water  in  the  streams  in  that  vicinity. 

Methods  of  Reducing  Pollution  of  Rivers.  —  Three  pos- 
sible methods  of  reducing  the  pollution  in  these  streams 
are:  (1)  by  treatment  of  overflows;  (2)  by  prevention 
of  overflow  of  sewage  by  separation  of  storm  water  and 
sewage  so  that  existing  intercepting  sewers  will  carry 
sewage  only  for  which  they  may  already  have  adequate 
capacity;  and  (3)  by  the  construction  of  storm  overflow 
conduits  to  intercept  the  discharge  of  storm  overflows. 

Local  Treatment.  —  Consideration  has  been  given  to 
collecting  the  sewage  at  a  few  points  on  the  banks  of 
these  streams,  treating  it  there  and  discharging  the 
treated  effluent  into  the  streams.  This  would  involve 
construction  of  conduits  for  delivering  the  flow  to  a  few 
points,  as  well  as  of  treatment  plants.  It  is  not  recom- 
mended that  this  be  done. 

Separating  Storm  Water  from  Sewage.  —  The  rate  of 
run-off  of  storm  water  is  so  much  greater  than  the  rate 
of  discharge  of  sewage  from  the  same  areas  that  storm 
drains  must  be  of  much  greater  capacity  than  the  corre- 

1  Italics  are  ours. 
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sponding  separate  sewers.  In  fact,  the  difference  is  so 
great  that  a  few  roof  or  cellar  drain  connections  to  a 
separate  sewer  may  be  sufficient  to  overload  it  greatly. 

After  a  separate  system  of  sewers  has  once  been  abused 
by  the  connection  of  surface,  roof  or  cellar  drains  to  it 
(instead  of  to  the  storm  drainage  system)  it  is  difficult 
and  expensive,  if  not  impracticable,  to  achieve  a  substan- 
tial measure  of  separation.  Perhaps  the  most  common 
method  of  separation  is  to  build  a  new  storm  drain  in 
each  street  and  connect  the  surface  water  inlets  to  it. 
When  roof  or  cellar  drains  are  encountered  in  digging 
the  new  trench,  and  it  has  been  shown  that  they  are  not 
connected  to  the  house  sanitary  systems,  these  drains 
are  also  connected  to  the  new  storm  drain.  On  the  other 
hand,  if  such  drains  also  carry  sewage,  the  individual 
property  owners  may  be  obliged  to  bear  the  expense  of 
separating  the  systems  within  their  respective  proper- 
ties, not  only  inside  the  buildings,  but  also  between 
buildings  and  property  lines. 

Cost  of  Separation  of  Storm  Water.  —  In  1907  legisla- 
tion was  enacted  which  required  Boston  to  expend  one 
twentieth  of  one  per  cent  of  its  taxable  valuation  per 
year  in  constructing  works  for  the  separation  of  sewage 
from  storm  water  in  order  to  reduce  the  amount  of  sur- 
face water  entering  the  Boston  Main  Drainage  and  the 
South  Metropolitan  Sewerage  systems.  This  and  sub- 
sequent legislation  has  resulted  in  the  expenditure  of 
large  sums  for  this  purpose.  It  is  believed  that,  from 
1903  to  date,  more  than  $15,000,000  has  been  spent  by 
the  city  on  works  for  the  separation  of  storm  water  and 
sewage  consisting  chiefly  of  large  drains  to  take  the  flow 
of  several  brooks.  For  comparison,  records  made  avail- 
able to  us  by  the  Massachusetts  Department  of  Public 
Health  show  that  the  estimated  cost  of  construction  of 
the  Boston  Main  Drainage  Works  was  approximately 
$8,500,000. 

The  $15,000,000  expenditure  has  greatly  improved 
local  storm  drainage  conditions,  particularly  in  the 
Stony  Brook  district,  and  to  some  extent  has  relieved 
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the  Main  Drainage  Works,  but  the  separation  of  storm 
water  and  sewage  is  by  no  means  complete.  It  is  esti- 
mated, in  a  letter  from  the  division  engineer,  Sewer 
Division, ]  that  the  storm  water  from  approximately 
27.5  per  cent  of  the  area  of  the  Boston  Main  Drainage 
District  is  partially2  separated.  The  letter  says,  "For 
the  purpose  of  this  estimate  all  streets  provided  with  a 
sewer  and  a  surface  drain  are  considered  separated, 
although  many  of  the  drains  are  for  catch  basins  only. 
These  are  not  always  adequate  for  taking  roof  water  and  so 
do  not  represent  complete  separation"  2 

The  following  table  is  quoted  from  the  letter: 

Miles. 

Streets  with  combined  sewers 273 . 0 

Streets  with  separate  drains •     .     103 . 6 


Total 376.6 

Separation  in  area  (per  cent) 27 . 5 

The  town  of  Brookiine  several  years  ago  made  a  par- 
tial separation  of  storm  water  and  sewage  in  an  area  of 
about  162  acres.  In  each  street  a  storm  drain  was  built, 
to  which  all  street  inlets  were  connected,  as  well  as  all 
roof  leaders  where  the  latter  were  found  to  be  separate 
from  the  house  sanitary  systems.  In  cases  where  roof 
water  and  sewage  were  not  separated  on  the  private 
premises,  it  is  believed  that  no  attempt  was  made  to 
separate  them.  This  means,  of  course,  that  the  separa- 
tion was  only  partial.  The  cost  of  this  partial  separation 
is  reported  to  have  been  approximately  $1,000  per 
acre.  As  pointed  out  above  for  the  city  of  Boston,  this 
expenditure  improved  storm  drainage  conditions,  but  it 
did  not  result  in  satisfactory  separation  of  storm  water 
and  sewage. 

Separation  of  storm  water  from  sewage  would  involve 
great  expenditures  by  the  municipalities  and  probably 
even  greater  ones  by  the  proper  owners,  and  in  our  judg- 

1  To  Chief  Engineer,  State  Department  of  Public  Health,  under  elate  of  November  0,  1935. 

2  Italics  are  ours. 
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ment  is  unlikely  to  accomplish  the  result  desired.  It  is 
not  considered  to  be  the  solution  of  this  problem. 

Storm  Overflow  Conduits.  —  Since  the  objectionable  pol- 
lution is  caused  by  insufficient  capacity  in  the  intercepting 
sewers  for  carrying  the  storm  water  and  sewage  delivered 
to  them,  we  have  investigated  the  feasibility  and  cost  of 
building  storm  overflow  conduits. 

In  our  judgment,  correction  of  the  objectionable  con- 
ditions in  the  Mystic  River  and  its  tributaries  and  in  the 
Charles  River,  as  described  above,  can  best  and  most 
economically  be  obtained  by  the  construction  of  adequate 
storm  overflow  conduits,  as  described  below. 

If  these  recommendations  are  followed,  it  no  longer 
should  be  necessary  for  Boston  to  separate  its  storm 
water  and  sewage  in  areas  tributary  to  the  Charles 
River,  as  now  required,  when  new  sewers  are  built  or 
old  sewers  replaced. 

Quantities  for  Design  of  Sewers. 

In  the  design  of  sewerage  works  and  sewage  treatment 
plants,  consideration  must  be  given  to  the  quantities  of 
domestic  sewage,  industrial  wastes  and  ground  water 
infiltration  and  to  the  rates  at  which  they  may  be  dis- 
charged. In  addition,  the  storm  overflow  conduits  must 
be  large  enough  to  carry  a  sufficient  volume  of  storm 
water  to  prevent  objectionable  overflows. 

We  have  assumed  that  the  average  rate  of  flow  of  do- 
mestic sewage  is  equal  to  the  average  water  consumption. 
The  water  consumption  for  each  city  and  town  for  which 
storm  overflow  conduits  have  been  studied  has  been 
taken  from  the  annual  reports  of  the  State  Department 
of  Public  Health  and  is  given  on  a  per  capita  basis  in 
Tables  3  and  4.  No  attempt  has  been  made  to  estimate 
the  maximum  rate  of  domestic  sewage  flow  for  conduit 
capacities.  This  is  provided  for  by  the  dilution  factor 
described  below. 

Since  sewers  frequently  are  built  below  the  elevation 
of   ground   water,    they   commonly   carry   more   or   less 
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ground  water,  which  leaks  in  through  imperfect  joints  in 
pipe,  brick  or  other  sewers,  cracked  or  broken  pipe,  and 
through  leaks  in  manholes  and  house  connections.  The 
amount  of  such  leakage  varies  widely.  Because  large 
portions  of  the  North  Metropolitan  and  Charles  River 
Valley  systems  are  relatively  low,  and  because,  in  many 
cases,  these  low  areas  have  been  subjected  for  years  to 
frequent  surcharging,  it  is  to  be  expected  that  the  maxi- 
mum rate  of  infiltration  of  ground  water  into  these  sys- 
tems will  be  relatively  high. 

Table  3.  —  Average  Daily  Water  Consumption  of  Cities  and  Towns  in 
the  North  Metropolitan  Sewerage  District. 


Water  Consumption 

(Gallons  per  Capita 

Daily).' 


Arlington    .         j 

Belmont 

Charlestown  (Boston) 

Chelsea 

East  Boston  (Boston) 

Everett 

Lexington    . 

Maiden 

Medford 

Melrose 

Reading 

Revere 

Somerville  .        .        . 

Stoneham 

Wakefield    . 

Winchester  . 

Winthrop     . 

Woburn 


60 
S3 
106 
71 
106 
101 
58 
69 
52 
59 
53 
63 
90 
56 
43 
69 
70 
79 


1  From  annual  report  of  the  Massachusetts  Department  of  Public  Health  for  1937. 
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Table  4.  —  Average  Daily  Water  Consumption  of  the  Cities  and  Towns 
to  be  Served  by  the  Proposed  Charles  River  Valley  Relief  Sewer. 


Water  Consumption 

(Gallons  per  Capita 

Daily)." 


Back  Bay  (Boston) 
Brighton  (Boston) 
Brookline    . 
Newton 
Waltham     . 
Watertown 
Weston 


106 
106 

92: 
71 
59 
58 
68 


1  From  annual  report  of  the  Massachusetts  Department  of  Public  Health  for  1937. 

A  detailed  analysis  of  record  sheets  of  pumping  in  the 
North  Metropolitan  Sewerage  District  from  1904  to  1912 
was  made  in  1913.  This  indicated  a  maximum  rate  of 
ground  water  flow  of  2,577  g.  a.  d.  (gallons  per  acre  per 
24  hours).  While  that  study  was  made  many  years  ago, 
the  records  indicate  that  the  acreage  then  tributary  was 
58  per  cent,  and  the  mileage  65  per  cent  of  that  reported 
by  the  Metropolitan  District  Commission  in  1937. 
Probably  more  of  the  sewers  built  during  the  period 
since  those  studies  were  made  were  in  high,  relatively 
dry  territory  than  in  wet  land,  but  some  were  in  low, 
wet  land.  In  the  absence  of  better  evidence,  it  seems 
prudent  to  adopt  a  maximum  rate  of  ground-water  infil- 
tration of  3,000  g.  a.  d.  which  has  been  used  in  the  studies 
for  all  the  storm  overflow  conduits. 

It  should  be  pointed  out,  however,  that  the  ground 
water  which  leaks  into  the  sewers  is  just  as  effective  as 
storm  water  for  diluting  the  sewage  which  must  be  dis- 
charged through  the  storm  overflow  channels. 

In  the  design  of  the  storm  overflow  conduits,  the  allow- 
ance made  for  the  maximum  rate  of  discharge  of  indus- 
trial wastes  is  13,000  g.  a.  d.  in  areas  now  zoned  for  in- 
dustrial purposes,  where  it  seems  reasonable  to  expect 
the  location  of  industries  producing  liquid  wastes.     In 


90  HOUSE  —  No.  2465.  [June 

some  cases,  however,  special  allowances  have  been  made, 
either  greater  or  less  than  13,000  g.  a.  d.,  where  it  has 
seemed  advisable. 

As  described  above,  storm  water  is  a  large  factor  in 
determining  the  capacity  which  should  be  provided  in 
the  storm  overflow  conduits.  The  pumping  records  for 
the  North  Metropolitan  District  and  the  Charles  River 
Valley  sewer  no  longer  are  a  guide  to  the  volume  of 
storm  water  entering  the  sewers  because  of  the  large 
volumes  of  storm  water  and  sewage  overflowing  to  the 
streams  without  pumping. 

The  storm  overflow  conduits  should  have  sufficient 
capacity  so  that  no  overflows  will  occur  until  the  volume 
of  storm  water  flowing  in  the  sewers  has  caused  suffi- 
ciently great  dilution  of  the  domestic  sewage  to  prevent 
objectionable  conditions  in  the  receiving  streams  due  to 
the  overflows. 

We  believe  that  the  storm  overflow  conduits  should 
have  capacities  for  sewage  and  storm  water  equal  to  the 
estimated  average  rates  of  flow  of  domestic  sewage  mul- 
tiplied by  the  following  factors,  and,  in  addition,  allow- 
ances should  be  made  for  the  maximum  rates  of  flow  of 
ground  water  and  industrial  wastes: 


Dilution  Factor. 


Tributary  to  the  Mystic  Lakes  and  the  Mystic  River  above  tidewater  . 

Tributary  to  the  Charles  River  and  situated  on  the  north  side,  and  in 
those  situated  on  the  south  side  above  the  Back  Bay  Fens. 

Tributary  to  the  Charles  River  and  situated  on  the  south  side  below  the 
Back  Bay  Fens. 

Tributary  to  channels  which  discharge  directly  into  tidewater 


In  some  cases  in  the  North  Metropolitan  and  Boston 
Main  Drainage  systems  salt  water  has  been  found  to 
enter  the  sewers  to  such  an  extent  as  to  take  up  a  sub- 
stantial portion  of  their  capacity,  and  such  misuse  of 
sewer  capacity  should  be  avoided  as  pointed  out  in  House, 
No.  1600.  We  believe  it  can  be  much  reduced  by  (a) 
replacing  tide  gates  or  parts  thereof  which  are  worn  out; 
(b)   rebuilding  with  improved  design  any  gates  which 


COMMONWEALTH     OF       MASSACHUSETTS  /' 

SPECIAL  COMMISSION   ON   SEWAGE  DISPOSAL  IN   METROPOLITAN    BOSTON  K' 

\ 


-     "X 


1 

) 

U' 

5  A  U  oSs    \ 

N  /  HJ|#^  i  V 

•V          /     /    f  >> 

/   revere/             /          .W^     « 

BQ6T0NI             //       »^ffi 

^       ^i 

]iyjLi__                                              Y*DEER   ISLAND 

/   3 

< 


«^. 


WEYMOUTH' 


A 


Existing     Metropolitan    Sewers 
Existing  Boston  Main    Drainage    Systen 
Proposed    Conduits 


FIG.    3      |        o, 


1939.]  HOUSE  — No.  2465.  91 

may  not  be  suited  to  the  conditions  under  which  they 
operate;  and  (c)  prompt  attention  and  effective  mainte- 
nance. Since  all  the  sewage  discharged  into  the  harbor 
at  the  main  outlets  from  these  systems  must  be  pumped 
at  least  once,  and  in  the  future  will  be  treated  also,  it  is 
advisable  to  keep  tide  gates  in  good  condition  and  thus 
to  reduce  the  cost  of  pumping  and  treatment. 

Leakage  of  river  water  into  sewers,  through  manhole 
covers  which  may  be  submerged  during  high  water  in 
the  rivers,  as  pointed  out  in  House,  No.  1600,  should  be 
stopped,  either  by  raising  the  manholes  above  high 
water  level,  or,  where  this  is  not  feasible,  by  sealing  them. 

Proposed  Storm  Overflow  Conduits, 

The  storm  overflow  conduits  proposed  for  construc- 
tion are  described  below  and  are  shown  on  Fig.  3.  In 
general,  they  are  planned  to  be  built  near  the  existing 
intercepting  sewers. 

When  detailed  design  of  these  conduits  is  about  to  be 
undertaken,  the  capacity  of  each  should  be  carefully  re- 
viewed in  the  light  of  the  best  information  then  obtain- 
able on  the  subjects  of  probable  future  population,  prob- 
able future  production  of  industrial  wastes,  dry-weather 
flow,  ground-water  infiltration,  and  particularly  flow  dur- 
ing times  of  storm.  The  design  capacity,  however,  should 
provide  for  the  extent  of  dilution  of  domestic  sewage 
herein  recommended. 

Alewife  Brook  Storm  Overflow  Conduit.  —  The  proposed 
Alewife  Brook  storm  overflow  conduit  will  provide  relief 
for  the  existing  Alewife  Brook  sewer,  which  serves  por- 
tions of  Belmont,  Cambridge,  Somerville  and  Arlington. 
It  will  start  near  Concord  Avenue  in  Cambridge  and  will 
follow,  in  general,  the  course  of  Alewife  Brook  to  the 
Alewife  Brook  pumping  station,  and  extend  to  a  connec- 
tion with  the  existing  North  Metropolitan  relief  sewer  in 
West  Medford.  The  capacity  of  the  Alewife  Brook  storm 
overflow  conduit  will  vary  from  29  m.  g.  d.  at  its  upper 
end  to  86  m.  g.  d.  at  its  lower  end. 

A  branch  conduit  to  serve  Belmont  will  start  at  the 
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Belmont-Cambridge  line  and  connect  with  the  Alewife 
Brook  storm  overflow  conduit  near  the  Central  Massa- 
chusetts Division  of  the  Boston  &  Maine  Railroad,  just 
south  of  the  Concord  highway.  Its  capacity  will  be  19 
m.  g.  d.  throughout  its  length. 

The  existing  Alewife  Brook  pumping  station  will  be 
enlarged  to  serve  both  the  existing  sewer  and  the  pro- 
posed storm  overflow  conduit.  The  cost  estimates  are 
based  on  building  an  entirely  new  station,  but,  when  de- 
tail design  is  made,  consideration  should  be  given  to  utili- 
zation of  the  existing  station  and  its  equipment. 

The  estimated  cost  of  construction  of  this  conduit  and 
of  the  pumping  station  and  its  equipment  is  $875,000. 

Arlington  Storm  Overflow  Conduit.  —  The  proposed  Ar- 
lington storm  overflow  conduit  will  furnish  relief  for  the 
lower  end  of  the  larger  of  the  two  existing  Arlington 
branch  sewers,  which  serve  Lexington  and  Arlington.  It 
will  connect  with  the  existing  North  Metropolitan  relief 
sewer,  near  the  south  end  of  Lower  Mystic  Lake.  The 
capacity  of  this  short  conduit  will  be  68  m.  g.  d.  through- 
out its  course. 

The  estimated  cost  of  construction  of  this  conduit  "is 
$380,000. 

Aberjona  Valley  Storm  Overflow  Conduit.  —  The  pro- 
posed Aberjona  Valley  storm  overflow  conduit  will  pro- 
vide an  outlet  for  the  northern  portions  of  Reading  and 
Woburn  not  now  sewered,  as  well  as  relief  for  the  existing 
Woburn  trunk  sewer.  It  will  start  at  the  line  between 
the  city  of  Woburn  and  the  town  of  Reading,  and  will 
follow  the  Aberjona  River,  in  general,  to  a  junction  near 
the  Woburn- Winchester  line  with  the  existing  Metro- 
politan sewers.  Its  capacity  will  vary  from  25  m.  g.  d. 
at  its  upper  end  to  46  m.  g.  d.  at  its  lower  end. 

The  estimated  cost  of  construction  of  this  conduit  is 
$675,000. 

Cambridge  Storm  Overflow  Conduit.  —  The  proposed 
Cambridge  storm  overflow  conduit  will  provide  relief 
for  the  existing  Cambridge  branch  sewer,  which  serves 
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a  small  portion  of  Belmont,  the  Charles  River  drainage 
area  of  Cambridge,  a  large  portion  of  Somerville,  a  small 
portion  of  Medford,  the  whole  of  Charlestown  and  a  por- 
tion of  Everett. 

It  will  start  near  the  Belmont-Cambridge  line  and  will 
follow  in  general  along  the  course  of  the  Charles  River  to 
the  vicinity  of  Cottage  Farm  bridge.  As  studied  in  this 
investigation,  it  would  then  extend,  in  general,  parallel  to 
the  existing  Cambridge  branch  sewer  to  Portland  and 
Binney  streets,  although  when  it  is  being  designed,  con- 
sideration should  be  given  to  a  route  along  the  river 
bank.  At  Binney  Street  the  flow  would  be  divided  with 
dry-weather  and  low  storm  flows  up  to  a  dilution  factor 
of  3,  continuing  to  Deer  Island,  and  with  the  high  storm 
flows  diverted  through  a  pumping  station  and  force  main 
extending  down  Binney  Street  and  Commercial  Street  to 
discharge  into  tidewater  below  the  Charles  River  Dam. 
The  pumping  station  and  force  main  should  be  designed 
for  a  dilution  factor  of  7. 

At  such  time  in  the  future  as  it  becomes  necessary  to 
relieve  the  Cambridge  branch  sewer  below  Binney  Street, 
this  should  be  done  with  provision  for  a  dilution  factor 
of  3.  Consideration  should  then  be  given  to  the  relative 
economy  of  a  gravity  line  to  the  North  Metropolitan  re- 
lief sewer  by-passing  the  Charlestown  pumping  station. 

The  old  Binney  Street  combined  sewer  is  laid  with  a 
horizontal  invert,  and  for  these  cost  estimates  it  is  as- 
sumed that  neither  this  nor  the  Cambridge  marginal 
sewer  can  be  utilized  in  connection  with  the  proposed  new 
outlet.  When  detailed  designs  are  about  to  be  made, 
the  effectiveness  and  value  of  the  circulation  of  the  water 
from  the  basin  through  Broad  and  Lechmere  canals  and 
into  the  harbor  should  be  considered,  in  order  that  pro- 
vision for  such  circulation  may  be  retained  if  it  has  proven 
of  value. 

The  capacity  of  the  Cambridge  storm  overflow  conduit 
will  vary  from  18  m.  g.  d.  at  its  upper  end  to  66  m.  g.  d. 
at  Binney  Street.     The  capacity  of  the  proposed  diver- 
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sion  pumping  station  and  force  main  is  62  m.  g.  d.  The 
estimated  cost  of  this  conduit,  and  of  the  pumping  sta- 
tion and  its  equipment,  is  $1,210,000. 

Maiden  River  Storm  Overflow  Conduit.  —  The  proposed 
Maiden  River  storm  overflow  conduit  will  provide  relief 
for  the  existing  Maiden  branch  sewer  from  the  North 
Metropolitan  relief  sewer  to  Middlesex  Street,  Maiden, 
and  for  the  Old  Maiden  sewer  in  Eastern  Avenue  from 
Middlesex  Street  to  Bryant  Street.  Its  capacity  will 
vary  from  37  m.  g.  d.  below  Jackson  Street  to  9  m.  g.  d. 
at  Bryant  Street.  The  estimated  cost  of  construction 
of  this  conduit  is  $345,000. 

North  Metropolitan  Relief  Sewer.  —  The  existing  Mys- 
tic Valley  sewers  were  relieved  recently  by  the  construc- 
tion of  the  North  Metropolitan  relief  sewer  from  Read- 
ing to  a  point  a  short  distance  below  Cradock  Dam. 
This  relief  sewer  is  now  being  extended  to  the  East  Bos- 
ton pumping  station.  When  this  relief  sewer  has  been 
completed  and  put  in  operation,  it  is  expected  that  no 
overflows  will  occur  above  Cradock  Dam.  It  is  prob- 
able, however,  that  a  storm  overflow  conduit  will  be 
needed  at  some  time  in  the  future  for  the  portion  above 
the  dam,  when  the  territory  served  is  further  developed. 
At  such  time  the  required  capacity  should  be  estimated 
in  the  light  of  conditions  then  existing,  and  a  sufficient 
total  capacity  should  be  provided  to  prevent  excessive 
overflow  of  mingled  sewage  and  storm  water  into  the 
adjacent  river  and  lakes. 

In  1938,  construction  of  a  temporary  pumping  station 
was  started  at  what  was  then  the  lower  terminus  of  the 
relief  sewer  below  Cradock  Dam,  primarily  to  provide 
an  outlet  for  the  relief  sewer  by  pumping  when  neces- 
sary. At  such  times  it  is  proposed  to  chlorinate  the 
sewage  before  discharging  it  into  the  Mystic  estuary. 
When  in  the  future  a  storm  overflow  conduit  has  been 
constructed  to  serve  the  portion  of  the  river  above  the 
dam,  the  conduit  having  a  capacity  equivalent  to  a  dilu- 
tion factor  of  10  under  future  conditions,  a  pumping 
station  will  be  required  near  the  dam,  since  below  this 
point  the  capacity  of  the  North  Metropolitan  relief  sewer 
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has  a  dilution  factor  of  only  about  3.  Consideration 
should  then  be  given  to  installing  fine  screens  and  chlori- 
nation  equipment  at  this  station.  Similar  pumping  sta- 
tions will  be  required  at  the  lower  ends  of  the  proposed 
Charles  River  Valley  storm  overflow  conduit  and  the 
diversion  conduit  from  the  Cambridge  storm  overflow 
conduit,  where  they  are  to  discharge  into  tidewater. 

The  section  of  the  relief  sewer  from  a  short  distance 
below  Cradock  Dam  to  the  East  Boston  pumping  sta- 
tion, as  now  being  constructed,  will  be  of  adequate  capac- 
ity to  furnish  the  dilution  herein  recommended  for  1975 
conditions  in  places  where  the  overflow  channels  dis- 
charge into  tidewater. 

Between  the  East  Boston  pumping  station  and  Deer 
Island,  a  total  capacity  should  be  provided  of  464  m.  g.  d. 
The  estimated  cost  of  construction  of  the  proposed  sewer 
and  pumping  changes  at  East  Boston  is  $4,160,000.  The 
cost  of  pumping  changes  at  Deer  Island  is  included  in 
the  treatment  plant  estimate,  as  is  the  estimated  cost  of 
the  additional  outlet  into  the  harbor.  The  estimates  of 
cost  for  this  line  are  based  on  a  new  pumping  station  at 
East  Boston,  taking  the  place  of  the  present  old  plant, 
with  two  sets  of  pumps,  low  lift  pumps,  for  pumping 
through  the  existing  sewer  a  portion  of  the  flow  which  in 
turn  would  be  pumped  again  at  Deer  Island,  and  high 
lift  pumps  which  would  pump  a  portion  of  the  flow 
through  a  proposed  force  main  and  discharge  directly 
into  the  treatment  works  without  further  pumping  at 
Deer  Island. 

When  detailed  designs  are  about  to  be  made,  consider- 
ation should  be  given  to  other  methods  of  getting  the 
sewage  from  East  Boston  to  Deer  Island,  including  a 
gravity  relief  line  in  place  of  the  proposed  force  main, 
and  reinforcing  the  existing  sewer  for  use  as  a  force  main 
in  conjunction  with  a  relief  force  main,  and  possibly 
other  methods  which  may  appear  to  offer  advantages 
and  economies. 

Charles  River  Valley  Storm  Overflow  Conduit.  —  The 
Charles  River  Valley  storm  overflow  conduit  will  provide 
relief  for  the  existing  Charles  River  Valley  sewer  which 
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serves  Waltham,  Watertown,  Brighton  and  portions  of 
Newton,  Brookline  and  Boston.  It  will  start  near  the 
Waltham-Watertown-Newton  line  and  will  follow,  in 
general,  the  southerly  bank  of  the  Charles  River  through- 
out its  entire  length. 

In  the  estimates  it  has  been  assumed  that  a  portion  of 
Weston  will  in  the  future  contribute  to  this  sewer. 

It  is  stated  in  House,  No.  1600  that  "  recent  investi- 
gations by  the  Department  of  Public  Health  have  shown 
that  there  is  a  very  large  amount  of  leakage  into  the  upper 
part  of  the  Charles  River  Valley  sewer  below  Waltham 
in  Newton  and  Watertown,  and  that  the  elevation  of  the 
flow  in  this  sewer  is  reflected  to  a  considerable  degree  by 
the  elevation  of  the  water  in  the  river.  This  leakage  ex- 
plains the  very  unsatisfactory  conditions  occasionally 
prevailing  in  this  trunk  sewer  near  Galen  Street,  Water- 
town,  .  .  .  when  ...  it  was  not  practicable  to  divert 
all  of  the  sewage  from  the  Watertown  sewers  into  the 
Charles  River  Valley  trunk  sewer." 

On  this  account  the  estimates  of  cost  have  been  based 
on  substituting  an  entirely  new  conduit  for  the  portion 
of  this  sewer  above  St.  Mary's  Street.  At  such  time  as 
detailed  designs  are  about  to  be  made,  however,  further 
investigations  should  be  made  to  see  if  the  existing  line 
can  be  repaired  in  whole  or  in  part,  or  if  certain  portions 
of  it  may  be  suitable  for  use  as  they  now  are.  If  this 
should  so  develop,  then  a  reduction  in  the  capacity  of 
the  proposed  conduit  and  the  cost  of  its  construction 
can  be  made.  The  portion  of  this  conduit  above  St. 
Mary's  Street  is  considered  as  a  replacement  or  as  a  relief 
sewer,  depending  on  the  results  of  such  future  investiga- 
tion, and  the  portion  below  this  point  as  a  storm  overflow 
conduit. 

The  capacity  of  the  proposed  Charles  River  Valley 
storm  overflow  conduit  will  vary  from  85  m.  g.  d.  at  its 
upper  end  to  328  m.  g.  d.  at  a  point  immediately  above 
the  connection  with  the  Brookline  main  sewer  in  St. 
Mary's  Street.  The  conduit  is  designed  with  a  dilution 
factor  of  10  from  its  upper  end  to  just  below  this  connec- 
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tion.  Here  it  is  planned  to  divide  the  flow,  taking  the 
dry-weather  flow  and  storm  flows  up  to  a  dilution  factor 
of  3,  plus  ground  water  and  industrial  wastes,  to  the 
Ward  Street  pumping  station  for  discharge  into  the 
South  Metropolitan  sewer.  Storm  flows  in  excess  of 
this  amount  will  continue  in  the  storm  overflow  conduit 
which  will  be  extended  along  the  Charles  River  to  dis- 
charge below  the  dam.  The  capacity  of  this  conduit 
between  the  Brookline  connection  and  the  Back  Bay 
Fens  will  be  based  on  a  dilution  factor  of  7  for  the  area 
above  the  Fens,  and  a  dilution  factor  of  15  for  areas 
east  of  this  point,  except  that  no  flow  will  be  admitted  to 
this  conduit  from  the  Stony  Brook  district,  as  will  be 
described  later. 

Consideration  should  be  given  in  designing  this  con- 
duit to  the  relative  economy  of  placing  it  low  enough 
so  that  the  Galen  Street  siphon  from  Watertown  can  dis- 
charge into  it  by  gravity,  as  has  been  done  for  the  present 
estimates,  and  of  building  the  conduit  at  a  slightly  higher 
grade  and  pumping  the  flow  from  this  section  of  Water- 
town  into  it. 

Consideration  has  been  given  to  pumping  the  flow 
from  this  conduit  at  Faneuil  into  the  high  level  South 
Metropolitan  sewer.  Even  if  this  were  done,  the  existing 
sewers  in  St.  Mary's  Street  to  the  Ward  Street  pumping 
station,  and  from  this  point  to  the  main  high  level  sewer 
at  Centre  Street,  should  be  relieved.  These  two  sections 
of  sewer  have  capacity  only  for  the  estimated  future  flow 
from  the  area  below  Salt  Creek  (near  Babcock  Street, 
Brighton). 

When  detail  design  is  undertaken,  surveys  should  be 
made  and  the  cost  of  pumping  part  of  the  low  flow  of 
low  level  sewage  to  the  high  level  sewer  at  a  point  near 
Salt  Creek,  and  part  at  Ward  Street,  should  be  com- 
pared with  the  cost  of  pumping  all  the  low  flow  at  Ward 
Street. 

Below  the  Brookline  connection,  the  districts  from 
which  pollution  enters  the  Basin  from  storm  overflows 
are  (1)  the  Muddy  River  district,  from  which  a  large 
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storm  drain  which  carries  overflows  from  sewers  in  times 
of  storm,  discharges  at  Deerfield  Street;  (2)  the  Stony- 
Brook  district,  with  many  large  overflow  channels  into 
its  new  and  old  covered  channels,  which  normally  dis- 
charge through  the  "foul  flow"  channels  into  the  marginal 
conduit  (described  below)  with  direct  overflows  into  the 
Basin,  and  during  severe  storms  directly  into  the  Fens 
near  Forsyth  Street;  and  (3)  the  West  Side  intercepter 
district,  with  ten  overflow  channels,  located  from  place 
to  place  between  Hereford  Street  and  the  dam,  which 
discharge  into  the  marginal  conduit.  This  conduit  has  a 
horizontal  invert;  that  is,  one  without  slope.  While 
relatively  small  flows  from  this  conduit  discharge  below 
the  dam  at  favorable  stages  of  tide,  at  high  tide  and 
during  storms  when  the  conduit  capacity  is  overtaxed 
the  run-off  is  discharged  directly  to  the  Basin  through 
five  large  overflow  channels,  as  well  as  a  direct  connec- 
tion at  its  western  end  at  Charlesgate  East. 

At  Hereford  Street,  and  from  place  to  place  between 
there  and  the  dam,  it  is  planned  to  divert  into  the  pro- 
posed Charles  River  Valley  storm  overflow  conduit,  in 
time  of  storm,  after  a  dilution  factor  of  3  has  been  ex- 
ceeded, the  entire  flow  from  the  West  Side  intercepter 
district  up  to  a  dilution  factor  of  15,  thus  reserving  the 
entire  capacity  of  the  Boston  Main  Drainage  Works  below 
this  point  for  the  areas  tributary  below.  It  may  be  ad- 
vantageous to  abandon  the  old  Boston  marginal  conduit 
when  this  relief  sewer  is  built  and  use  its  location  for  the 
new  sewer.  To  accomplish  the  above-mentioned  diver- 
sion it  will  be  necessary  to  connect  into  the  new  conduit 
the  existing  storm  overflow  channels  between  Hereford 
and  Berkeley  streets.    . 

Since  the  Charles  River  overflow  conduit  will  be  be- 
low tide  level  at  its  lower  end,  it  will  be  necessary  to  con- 
struct a  low-lift  pumping  station,  probably  near  Beaver 
Place,  and  to  pump  the  storm  flows  from  it  into  tide- 
water. The  existing  intercepter  will  be  connected  directly 
into  the  pumping  station. 

These  changes  will  afford  great  relief  at  all  stages  of 
tide  for  the  Church  Street  district  and  other  low  areas 
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in  the  Back  Bay,  where  annoyance  from  flooding  is  now 
experienced.  Provision  can  be  made  at  the  pumping 
station  in  the  future,  if  needed,  for  chlorination  and  per- 
haps fine-screening  of  these  storm  flows  before  their  dis- 
charge into  tidewater. 

The  capacity  of  the  proposed  Charles  River  Valley 
storm  overflow  conduit,  below  the  Brookline  connection, 
will  vary  from  180  to  300  m.  g.  d.  at  the  outlet  into  tide 
water. 

The  estimated  cost  of  construction  of  this  conduit 
from  Waltham  to  tidewater,  including  the  Ward  Street 
branch  and  the  pumping  station  and  its  equipment,  is 
$6,210,000. 

The  Stony  Brook  Valley  sewer  and  the  West  Roxbury 
low  level  sewer  discharge  through  the  Stony  Brook  inter- 
cepter  into  the  main  intercepting  sewer  of  the  Boston 
Main  Drainage  Works  at  Tremont  and  Camden  streets. 
The  Stony  Brook  Valley  sewer  has  many  overflows  be- 
low Forest  Hills  into  both  the  new  and  the  old  Stony 
Brook  channels,  which  in  turn  discharge,  as  mentioned 
above,  either  (a)  into  tidewater  below  the  Charles  River 
Dam,  (6)  into  the  Basin,  or  (c),  in  time  of  high  flow, 
into  the  Fens. 

If  all  the  flow  from  the  West  Side  intercepter  district 
above  Hereford  Street  in  time  of  storm  is  diverted  to 
the  proposed  Charles  River  Valley  storm  overflow  con- 
duit, there  will  be  adequate  capacity  in  the  main  inter- 
cepting sewer  to  carry  the  dry-weather  flow  and  a  reason- 
able storm  run-off  from  the  Stony  Brook  district. 

When,  however,  the  run-off  from  the  Stony  Brook 
area  exceeds  the  capacity  of  the  main  intercepting  sewer 
and  overflows  take  place  into  the  Stony  Brook  channels 
and  thence  into  the  Basin,  the  storm  run-off  in  the  Stony 
Brook  channels  will  be  sufficient  to  provide  adequate 
dilution  for  the  mingled  sewage  and  storm  water  to  pre- 
vent serious  objection  from  such  overflows.  Therefore 
it  is  proposed  to  make  a  direct  connection  from  these 
channels  to  the  Basin  at  Charlesgate  East,  and  not  to 
take  any  flow  from  the  Stony  Brook  area  into  the  pro- 
posed Charles  River  Valley  storm  overflow  conduit.    Pro- 
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vision  can  be  made  in  the  future,  if  necessary,  for  chlori- 
nating this  discharge  at  the  gatehouses  in  the  Fens, 
below  which  the  time  of  contact  in  the  foul-flow  channels 
will  be  adequate  for  the  action  of  the  chlorine. 

Consideration  should  be  given,  however,  to  provide  a 
connection  at  the  crossing  of  the  foul-flow  conduits  and 
the  proposed  Charles  River  Valley  storm  overflow  con- 
duit which  can  be  manually  operated  so  that  water  from 
the  Basin  can  flow  into  the  Back  Bay  Fens,  either  directly 
at  Charlesgate,  or  through  the  Muddy  River  conduit,  as 
desired,  and  through  the  foul-flow  conduits  and  the  new 
Charles  River  Valley  storm  overflow  conduit  to  the  har- 
bor, at  intervals  as  may  be  desirable  to  provide  circula- 
tion through  the  Fens. 

The  Stony  Brook  intercepter  has  inadequate  capacity 
to  satisfactorily  serve  the  Stony  Brook  district  under  1975 
conditions  and  prevent  excessive  overflows  which  would 
reach  the  Basin,  and  probably  this  is  true  even  under 
present  conditions.  Relief  could  be  provided  by  building 
the  necessary  branch  lines  required  to  divert  large  areas 
from  this  district  into  the  South  Metropolitan  District. 
These  areas  were  originally  planned  to  be  served  by  the 
South  Metropolitan  high  level  sewer,  are  legally  included 
in  the  South  Metropolitan  sewerage  district,  and  are  in- 
cluded in  computing  the  annual  assessments  against 
Boston.  The  cost  of  such  diversion  would  be  much 
greater  than  the  cost  of  relieving  the  Stony  Brook  inter- 
cepter, because  of  the  length  and  size  of  the  diversion 
sewers  required  as  well  as  the  requirement  that  sewage 
and  storm  water  be  separated  in  the  areas  involved.  Re- 
lief also  could  be  obtained  by  diverting  a  portion  of  the 
Stony  Brook  district  sewage  into  the  high  level  sewer 
through  Boylston  Street,  with  low-lift  pumping  if  neces- 
sary. It  would  require  legislative  authority  to  add  this 
area  to  the  Metropolitan  sewerage  district.  Perhaps  this 
area  could  be  exchanged  without  additional  cost  to  Boston 
for  some  of  the  large  area  now  in  the  district  legally  but 
served  by  the  Boston  Main  Drainage  Works.  This  diver- 
sion also  would  be  more  expensive  than  the  relief  of  the 
Stony  Brook  intercepter. 
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In  accordance  with  the  foregoing,  it  is  proposed  that 
the  Stony  Brook  intercepter  be  relieved  by  constructing 
a  relief  sewer  which  would  have  a  capacity  of  200  m.  g.  d. 
Its  estimated  cost  is  $340,000. 

For  many  years  there  has  been  excessive  flooding  in 
certain  low  areas  between  Massachusetts  Avenue  and 
Broadway.  The  cause  of  this  flooding  is  traceable  to 
various  events  in  the  development  of  the  territory.  The 
elevation  of  the  water  in  the  "empty"  or  " receiving" 
basin  of  the  old  Boston  and  Roxbury  Mill  Company  was 
kept  at  or  below  El.  3  at  all  times,  thus  providing  a  low 
outlet  for  sewers  and  fostering  a  development  with  base- 
ment kitchens  and  dining  rooms,  yards  and  alleys,  below 
high  tide  level.  At  the  time  of  this  development  the 
empty  basin  was  expected  to  be  permanent.  Then,  with 
the  filling  of  the  Back  Bay,  the  decision  was  made  that 
this  drainage  then  flowing  northerly  to  the  Charles  River 
should  be  turned  southerly  to  South  Bay.  Thus  the 
areas  below  high  tide  level  must  be  drained  by  sewers 
having  their  upper  ends  in  the  low  area  and  4,000  feet 
from  the  nearest  outlet  into  tidewater.  The  only  method 
of  preventing  flooding  in  these  areas  below  the  sea  is, 
and  always  has  been,  by  pumping. 

Prior  to  1915,  when  the  Union  Park  Street  pumping 
station  was  built,  the  drainage  of  the  Union  Park  Street 
area,  as  well  as  that  of  the  Church  Street  sewer,  was  given 
an  outlet  into  the  Boston  Main  Drainage  Works  and 
pumped  at  the  Calf  Pasture  pumping  station  to  the  ex- 
clusion, in  time  of  storm,  of  practically  all  other  sewers 
connected  to  the  Boston  Main  Drainage  Works.  This 
situation  was  partially  relieved  by  the  construction  of 
the  Union  Park  Street  pumping  station,  which  now  dis- 
charges at  times  of  storm  directly  into  South  Bay. 

Flooding  in  the  East  Concord  Street  district  should 
be  relieved  by  the  construction  of  a  pumping  station  to 
operate  like  that  which  serves  the  Union  Park  Street 
district,  so  that  the  Boston  Main  Drainage  Works  can 
adequately  care  for  the  large  Stony  Brook  Valley  District. 

When  detailed  designs  of  this  project  are  about  to 
be  undertaken,  careful  studies  should  be  made  to  see  if 
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the  same  result  can  be  accomplished  by  certain  sewerage 
changes  and  enlargement  of  the  Union  Park  Street 
Station.  The  estimated  cost  of  these  proposed  works 
is  $500,000. 

These  two  stations  should  be  operated  so  as  to  secure 
so  far  as  possible  the  best  balance  between  adequate 
drainage  and  the  maintenance  of  a  high  enough  ground- 
water elevation  to  avoid  rotting  the  tops  of  the  piles 
under  the  buildings.  In  the  future,  if  any  extensive 
areas  within  these  low  districts  should  be  rebuilt,  con- 
sideration should  then  be  given  to  rebuilding  at  a  higher 
elevation,  as  has  been  done  in  two  such  areas  in  the  past. 

If,  after  the  sewage  is  being  treated  at  Nut  and  Moon 
islands,  analyses  indicate  excessive  pollution  from  storm 
overflows  on  the  beaches  of  Dorchester  Bay,  a  marginal 
conduit  should  then  be  built  to  collect  such  overflows 
and  discharge  them  into  the  Dorchester  Brook. 

If,  in  the  future,  it  becomes  advisable  to  fill  the  South 
Bay,  the  construction  of  conduits  to  deliver  the  drain- 
age from  the  Roxbury  Canal  and  Dorchester  Brook  into 
Fort  Point  Channel  will  be  necessary. 

South  Metropolitan  Sewer.  —  Investigations  made  by 
the  special  commission  in  1929  show  from  gagings  made 
during  time  of  storm  that  the  South  Metropolitan  sewer 
from  the  Ward  Street  pumping  station  to  the  Lower 
Neponset  River  sewer  was  then  flowing  full  or  practi- 
cally so.  This  was  true  also  of  the  Lower  Neponset 
Valley  sewer,  which,  to  some  extent,  may  have  resulted 
in  the  flow  " backing  up"  in  the  main  sewer.  It  was 
pointed  out  in  the  report  of  that  commission  that  in- 
spection should  be  made  to  ascertain  if  river  water 
might  enter  the  sewer  through  manhole  covers  which 
might  be  submerged  at  time  of-  high  water  in  the  marshes 
through  which  the  Lower  Neponset  Valley  sewer  was 
constructed,  and,  if  this  were  found  to  be  the  case,  that 
the  manholes  should  be  raised  above  the  flood  level. 

The  reconstruction  or  repair  of  the  upper  portion  of 
the  proposed  Charles  River  Valley  sewer  should  result 
in  the  elimination  of  a  large  volume  of  storm  and  ground 
water  which  now  is  pumped  into  the  high  level  sewer  at 
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Ward  Street.  If  so,  this  will  provide  relief  for  the  high 
level  sewer  below  Ward  Street.  Nevertheless,  the  high 
level  sewer  does  not  have  capacity  equal  to  the  maximum 
rate  of  flow  to  be  expected  under  1975  conditions,  and 
this  sewer  will  need  relief  in  the  future. 

Basis  of  Cost  Estimates.  —  The  estimates  of  cost  of 
construction  of  conduits  have  been  based  on  an  analysis 
of  unit  prices  paid  on  contracts  let  by  the  Metropolitan 
District  Commission  during  recent  years  as  being  in- 
dicative of  current  prices  in  this  vicinity.  The  esti- 
mates include  allowances  for  excavation,  backfill,  con- 
crete, reinforcing  steel,  underdrains,  sheeting,  manholes 
and  miscellaneous  small  items.  Special  allowances  have 
been  added  for  rock  excavation,  pavements,  pile  foun- 
dations, railroad  crossings  and  stream  crossings.  A  liberal 
allowance  for  contingencies,  engineering  and  administra- 
tion was  provided. 

Unit  prices  for  the  principal  items  are  as  follows: 

Earth  excavation  and  backfill  (per  cubic  yard)         .        .  $2  50 

Rock  excavation  (per  cubic  yard)        .        .        .        .        .        .  3  00 

Concrete  (per  cubic  yard) 12  00 

Reinforcing  steel  (per  ton) 100  00 

Sheeting  (per  M  feet  board  measure) 30  00 

Summary  of  Cost  of  Construction  of  Conduits.  —  The 
estimated  cost  of  construction  of  the  conduits,  pumping 
stations  and  force  mains  described  above,  which  aggre- 
gates $14,696,000,  is  summarized  in  the  following  tabu- 
lation : 


Estimated  Cost 
of  Construction. 

to* 

$875,000 
380,000 
675,000 

1,210,000 
345,000 

4,160,000 

6,210,000 
340,000 
500.000 

Total 

S14,695,000 
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Summary  of  Proposed  Unit  Capacities.  —  Typical  unit 
capacities  for  several  of  the  main  sewer  districts  for  which 
storm  relief  conduits  are  proposed,  including  the  capacity 
of  both  existing  and  proposed  conduits  at  their  lower 
end,  are  as  follows : 


Main  Sewer  District. 


Dilution 
Factor. 


Density 
Popula- 
tion per 
Acre. 


Unit  Capacity. 


Gallons 

per  Acre 

Daily. 


Gallons 

per  Capita 

Daily. 


Aberjona 

Alewife     .... 

Maiden     .... 

Arlington 

Cambridge: 
At  Binney  Street 
At  Charles  River  Dam 

Charles  River  Valley: 
Above  St.  Mary's  Street 
At  Ward  Street     . 
At  Charles  River  Dam 

North  Metropolitan: 
At  Deer  Island     . 


10 
10 
3 
10 

10 

7 

10 

3 

7  and  15 


3.1 
19.0 
13.0 

5.3 

30.0 
30.0 

14.3 
17.6 
18.0 

12.7 


6,630 
18,500 
5,470 
6,310 

33,200 
20,700 

16,300 
8,750 
13,700 

7,050 


2,150 
965 
423 

1,200 

1,115 
683 

1,140 

496 
766 

555 


Pollution  of  Boston  Harbor. 

Boston  Harbor  has  received  the  discharge  of  sewage 
from  the  Boston  Metropolitan  area  since  1885.  The 
discharge  of  this  sewage  into  Boston  Harbor  has  been 
of  sufficient  public  interest  and  concern  to  occasion 
many  investigations,  the  reports  upon  which  are  included 
in  the  following  documents : 

Report  of  State  Board  of  Health  upon  the  Discharge 

of  Sewage  into  Boston  Harbor,  1900. 
Senate,  No.  450,  1916. 
House,  No.  1215,  1918. 
Senate,  No.  8,  1929. 
Senate,  No.  56,  1931. 
House,  No.  1600,  1937. 

The  Special  Commission,  now  studying  sewerage  sys- 
tems and  sewage  disposal  in  Metropolitan  Boston,  has 
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held  several  public  hearings,  the  records  of  which  indi- 
cate that  there  is  much  objection  to  the  existing  condition 
of  the  harbor  and  shore  waters. 

The  load  of  polluting  matter  reaching  the  harbor  at 
the  present  time  is  indicated  by  the  following  estimates 
of  contributing  population  and  quantity  of  sewage  dis- 
charged through  the  outlets  of  the  three  sewerage  systems 
in  1935,  given  in  House,  No.  1600: 


Sewerage  System. 

Contributing 
Population. 

Average  Quantity 

of  Sewage  Dis- 
charged (m.  g.  d.). 

Boston  Main  Drainage 

493,000 
696,470 
643,690 

75.3 
82.9 
86.5 

1,833,160 

244.7 

Data  on  Condition  of  Waters  of  Boston  Harbor.  — 
There  is  an  unusually  large  amount  of  information  re- 
garding the  condition  of  the  waters  of  Boston  Harbor. 
Much  of  this  is  included  in  Senate  and  House  Docu- 
ments, containing  engineers'  reports.  Complete  data 
relating  to  the  Boston  Harbor  investigations  are  on  file 
in  the  office  of  the  Chief  Engineer  of  the  State  Depart- 
ment of  Public  Health.  These  are,  for  the  most  part, 
in  the  form  of  bound  volumes  with  titles  and  indices. 
All  of  this  information  has  been  placed  at  our  disposal. 

The  Boston  Health  Department  for  several  years  has 
made  routine  bacteriological  analyses  in  summer  of  the 
shore  waters  at  public  bathing  beaches  in  Boston,  and 
the  results  have  been  made  available  to  us. 

While  it  is  impracticable  to  summarize  in  any  detail 
the  many  pertinent  public  documents,  the  following 
quotations  are  particularly  significant : 

House,  No.  1215,  1918. 
The  discharge  at  this  outlet  (Moon  Island)  extends  over  a  large 
area  covering  on  calm  days  in  summer  600  to  700  acres  of  the  harbor 
surface,  while  the  thin  film  of  oily  sleek  extends  to  greater  distances. 
These  conditions  have  been  a  cause  of  complaint  to  those  sailing  in  this 
part  of  the  harbor  when  the  water  is  affected  by  the  sewage. 
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Investigations  made  during  the  past  year  failed  to  show  that  sew- 
age or  suspended  matter  from  this  outlet  is  carried  to  the  shores  of 
Quincy  Bay,  excepting  possibly  very  light  matters,  like  grease  balls, 
which  are  known  to  be  carried  many  miles.  .  .  . 

The  pollution  of  the  harbor  caused  in  this  way  (by  storm  overflows) 
is  undoubtedly  considerable,  since  these  overflows  often  operate  for 
many  hours  at  a  time.  Separation  of  the  systems  of  sewage  and  storm 
water  already  begun  in  parts  of  the  district  tributary  to  the  harbor 
will,  if  continued,  eventually  remove  this  source  of  pollution.  .  .  . 

In  the  present  circumstances  the  need  for  improvement  of  condi- 
tions about  Moon  Island  is  not  such,  in  the  opinion  of  the  Board,  as 
to  warrant  the  expenditure  of  the  funds  needed  for  such  an  experi- 
ment, and,  in  the  opinion  of  the  Board,  the  further  study  of  this 
problem  can  be  safely  postponed  to  a  more  favorable  time. 

Senate,  No.  56,  1931. 

In  view  of  the  large  and  growing  population  in  the  region  about  the 
harbor  it  is  probably  inevitable  that  the  pollution  of  the  harbor 
waters  will  gradually  increase  in  the  future,  and  if  continued  will  in 
time  make  necessary  a  change  in  the  present  methods  of  sewage  dis- 
posal. The  investigation  of  the  past  two  years  has  been  carried  on 
under  abnormal  conditions,  when  the  pollution  of  the  harbor  was 
likely  to  be  less  noticeable  than  at  other  times,  and  under  the  circum- 
stances the  Commission  recommends  that  the  harbor  be  examined  in 
future  from  time  to  time  at  regular  intervals  in  order  that  any 
serious  deterioration  in  the  condition  of  its  waters  may  be  detected 
and  any  necessity  for  changes  in  the  sewer  outlets  may  be  noted  in 
sufficient  season  to  prevent  the  occurrence  of  seriously  objectionable 
conditions. 

House,  No.  1600,  1937. 

Objectionable  conditions  were  confined  to  the  immediate  vicinity 
of  the  main  sewer  outlets  of  the  Boston  Main  Drainage  and  the  North 
and  South  Metropolitan  Sewerage  systems.  Examinations  did  show 
that  under  certain  tide  and  wind  conditions,  grease  and  other  floating 
matters  characteristic  of  sewage  reach  the  shores  of  Boston  Harbor 
from  the  main  sewer  outlets,  and  at  times  of  considerable  run-off 
sewage  overflows  from  the  main  trunk  and  lateral  sewers  and  reaches 
shores  used  for  bathing. 

It  has  been  the  experience  of  the  Department  of  Public  Health  that 
it  is  very  difficult  to  prove  any  increase  in  the  prevalence  of  com- 
municable disease  by  the  use  of  polluted  water  for  bathing,  but  regard- 
less of  the  absence  of  facts  in  this  connection  it  is  obviously  wrong  to 
encourage  bathing  in  waters  containing  sewage.  .  .  . 

The  Board  of  Engineers  is  of  the  opinion  that  the  discharge  of 
sewage  into  Boston  Harbor  as  yet  has  not  caused  conditions  dangerous 
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to  the  public  health,  although  objectionable  floating  matters  charac- 
teristic of  sewage  may  at  times  reach  certain  shores,  and  the  demands 
of  the  public  may  require  improvements  in  the  near  future.  .  .  . 

It  was  recommended  — 

That  public  bathing  along  the  water  front  of  Boston  Harbor  and 
its  estuaries  and  tributaries  be  prevented,  except  at  such  point  or 
points  as  may  meet  with  the  approval  of  the  Board  of  Health  of  the 
city  or  town  in  which  such  bathing  sites  are  located  or  with  the  ap- 
proval of  the  Department  of  Public  Health.  .  .  . 

That  consideration  be  given  to  the  preparation  of  detailed  plans  for 
the  treatment  and  disposal  of  sewage  from  the  Boston  Main  Drainage 
District  and  the  North  and  South  Metropolitan  Sewerage  districts 
before  it  is  discharged  into  Boston  Harbor,  and  that  such  plans  con- 
sider the  possible  extension  in  the  near  future  of  the  Boston  Main 
Drainage  outlet  to  a  point  in  deep  water,  and  all  of  these  outlets  in 
the  distant  future,  if  necessary,  to  a  point  near  the  Graves  for  the 
disposal  of  the  treated  sewage. 

It  appears,  from  a  review  of  the  reports  referred  to 
above,  that  no  specific  recommendations  have  been  made 
for  the  financing  and  construction  of  sewage  treatment 
works  to  reduce  the  pollution  of  Boston  Harbor.  Never- 
theless, the  reports  and  the  testimony  at  the  hearings, 
indicate  the  recognition  of  pollution  in  the  harbor,  a  de- 
sire to  abate  the  pollution  before  it  becomes  seriously  ob- 
jectionable or  dangerous  to  the  public  health,  and  a  grow- 
ing public  desire  to  start  the  construction  of  remedial 
works  in  the  near  future. 

Scope  of  Investigations.  —  The  scope  of  the  investiga- 
tions that  have  been  made,  relating  to  the  condition  of 
Boston  Harbor,  is  indicated  by  the  following  list  of  major 
items  included  in  the  reports: 

(a)  Areas  and  distances  showing  effects  of  discharge  of  sewage,  with 
pertinent  data,  including  — 
Areas  of  sleek. 
Aerial  photographs. 
Tidal  currents. 
Winds. 
Float  tests. 
Analyses  of  sea  water. 


108  HOUSE  — No.  2465.  [June 

(6)  Examination  of  bathing  beaches  and  shore  lines  for  evidences  of 
sewage  pollution. 

(c)  Chemical  and  bacteriological  analyses  of  harbor  and  shore  waters 

at  regular  sampling  stations. 

(d)  Analyses  of  harbor  bottom  deposits. 

(e)  Shellfish  in  Boston  Harbor. 

(/)    Characteristics  of  sewage  and  experiments  with  sedimentation, 

flotation,  etc. 
(g)  Death  rate  of  sewage  organisms  in  salt  water. 

Uses  of  Harbor  and  Shore  Waters.  —  The  waters  of 
Boston  Harbor  and  its  shores  are  extensively  used  for 
shipping,  sailing,  bathing,  etc.,  and,  to  some  extent,  for 
shellfish  culture.  House,  No.  1600  describes  the  recrea- 
tional uses  of  Boston  Harbor.  These  uses  are  indicated 
in  Fig.  4,  facing  page  108. 

There  are  twenty-one  yacht  clubs  between  Point  Shir- 
ley in  Winthrop  and  Windmill  Point  in  Hull,  with  a  total 
membership  of  about  3,200,  making  use  of  some  1,370 
pleasure  boats.  It  is  estimated  that  about  40  per  cent 
of  the  pleasure  boats  used  in  and  about  Boston  Harbor 
belong  to  members  of  yacht  clubs.  Thus,  there  may  be 
as  many  as  3,500  boats  using  the  harbor  waters  for  pleasure 
purposes.  Regular  racing  courses  have  been  established 
in  the  harbor  which  cross  the  sewage  fields  at  various 
points.  In  addition  to  the  natural  objection  to  the 
sewage  fields  by  the  yachtsmen,  there  is  also  a  question 
of  health  hazard  from  the  spray  and  from  occasional 
capsizing  of  boats.  Most  of  this  activity  occurs  in  the 
summer  months. 

Along  the  shore,  from  Point  Shirley  in  Winthrop  to 
Windmill  Point  in  Hull,  are  some  twenty-nine  bathing 
beaches.  Of  this  number,  twelve  are  under  the  control 
of  either  the  Metropolitan  District  Commission  or  the 
city  of  Boston.  It  is  estimated  that  in  summer  the  Boston 
beaches  are  used  by  as  many  as  100,000  people  on  pleas- 
ant Sundays  and  by  about  15,000  on  pleasant  week  days. 
House,  No.  1600  states  that  during  certain  seasons  there 
has  been  a  total  attendance  of  as  many  as  5,300,000  at 
the  beaches  along  the  Boston  water  front. 
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These  bathing  beaches  are  all  located  on  the  shores 
of  the  harbor  proper.  The  relatively  long  outer  beaches 
at  Winthrop,  Revere  and  Nantasket  attract  many  addi- 
tional bathers.  The  beaches  along  the  shores  of  South 
Boston  and  Dorchester,  from  Castle  Island  to  Squantum, 
which  are  well  developed  and  are  being  improved,  will 
probably  be  used  in  the  future  by  a  greater  number  of 
bathers  than  in  the  past. 

In  addition  to  the  use  of  established  bathing  beaches, 
there  is  a  very  considerable  amount  of  what  may  be 
termed  neighborhood  bathing.  Many  persons,  for  the 
most  part  boys  and  girls,  go  bathing  at  convenient  points 
adjacent  to  their  homes,  and  the  safety  of  the  water  for 
this  kind  of  bathing  is  an  important  item. 

Adjacent  to  a  number  of  bathing  places  along  the 
shore  there  are  storm  water  overflows  from  sewers. 
When  operating,  these  overflows  are  likely  to  pollute 
the  beaches  to  an  objectionable  degree,  and  probably 
leave  evidences  of  sewage  along  the  adjacent  shores. 

Throughout  the  year  Boston  Harbor  is  used  by  many 
ocean-going  and  coastwise  vessels,  some  of  which  are 
said  to  discharge  bilge  water  containing  sewage  and  oil. 
Such  discharges,  we  understand,  are  contrary  to  the 
harbor  regulations  and  should  not  be  permitted.  Per- 
haps it  would  be  easier  to  enforce  such  regulations  if 
the  harbor  waters  themselves  were  cleaner.  The  amount 
of  registered  shipping  in  and  out  of  Boston  Harbor  during 
the  year  1937  is  indicated  by  the  following  table : 


Number  of  Vessels. 

Incoming. 

Outgoing. 

Sail 

5,126 
1,447 

35 

1,077 

141 

52 

5,118 

1,456 

41 

1,094 

141 
70 

Total 

7,878 

7,920 
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The  number  of  persons  traveling  over  the  waters  of 
Boston  Harbor  on  passenger  vessels  during  1937  was  as 
follows : 


Kind  of  Passengers. 

Total  for  Year. 

Daily  Average. 

Excursion 

1,220,582 
354,825' 
6,605,045 

3,340 

970 

18,090 

Total 

8,180,452 

22,400 

1  Including  110,411  on  vessels  in  foreign  service. 

There  have  been  and  still  are  a  number  of  shellfish 
areas  in  Boston  Harbor.  Some  of  these  are  still  open 
for  the  taking  of  shellfish  for  direct  sale,  but  the  use  of 
others  is  permitted  only  if  the  shellfish  are  to  be  purified 
by  later  treatment.  We  have  no  information  as  to  the 
extent  of  the  commercial  taking  of  shellfish  from  Boston 
Harbor.  Much  of  this  taking  is  local,  but  clams  are 
taken  for  treatment  on  approval  of  the  State  Depart- 
ment of  Public  Health.  Apparently  dissatisfaction  with 
the  character  of  the  harbor  waters  over  shellfish  area  is 
not  as  pronounced  as  in  the  case  of  bathing  beach  waters 
or  waters  used  for  boating.  There  are,  however,  2,400 
acres  of  shellfish  areas  which  are  open  for  the  taking  of 
shellfish  for  treatment  purposes  only.  These  areas 
might  be  increased  and  portions  of  them  might  be  opened 
for  taking  for  direct  sale  under  close  control  by  the  State 
Department  of  Public  Health,  if  the  pollution  by  sewage 
were  sufficiently  reduced. 

Evidences  of  Pollution.  —  Among  the  evidences  of 
pollution  are  the  following: 

(a)  Sewage  or  sleek  fields. 

(6)  Shore  pollution  by  objects  of  sewage  origin,  including  grease  balls. 

(c)  Dissolved  oxygen  depletion. 

(d)  Character  and  extent  of  deposits. 

(e)  Bacteria. 

Thus  it  will  be  seen  that  the  evidences  of  pollution 
are  in  part  visual,  in  part  chemical,  and  in  part  bacteri- 
ological. 
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The  sewage  fields  from  the  three  main  points  of  dis- 
charge of  sewage  into  Boston  Harbor,  or  the  larger  part 
of  these  fields,  may  be  traced  from  boats,  and  photo- 
graphs taken  from  the  air  show  the  areas  clearly.  These 
apparent  sewage  fields  are  formed  by  the  lighter,  greasy 
particles  of  the  sewage,  and  are  therefore  called  sleek 
fields.  The  actual  sewage  field  is  sometimes  larger  and 
sometimes  smaller  in  area  than  the  apparent  field.  The 
shape  and  extent  of  the  sewage  fields  are  determined 
by  many  factors,  including  the  quantity  and  character 
of  the  sewage,  the  arrangement  and  location  of  the  out- 
let pipes,  the  relative  temperature  of  the  sea  water  and 
the  sewage,  and  the  amount  and  direction  of  the  currents 
and  the  wind.  The  area  of  the  sewage  or  sleek  fields 
will  increase  as  the  quantity  of  sewage  increases. 

Shore  pollution  is  evidenced  by  the  number  of  objects, 
of  sewage  origin,  including  grease  balls,  which  become 
stranded  and  accumulate  on  the  beaches.  Members  of 
the  staff  of  the  State  Department  of  Public  Health  have 
made  many  trips  of  inspection  along  the  beaches  and 
recorded  their  observations.  On  some  of  the  trips  and 
at  some  locations  no  objects  of  sewage  origin  were  ob- 
served. In  some  cases,  however,  such  evidences  of 
sewage  pollution  were  noted,  as  stated  in  the  following 
quotations : 

House,  No.  1600,  1937. 

Grease  balls,  the  only  evidence  of  sewage  contamination  found, 
were  observed  on  the  shores  of  Hingham  Bay  and  Quincy  Bay,  the 
southerly  shore  of  Pemberton  in  the  town  of  Hull,  and  Worlds  End 
in  the  town  of  Hingham.  Some  oil  was  noticed  along  sections  of  the 
Weymouth  shore,  and  grease  baUs  were  found  in  the  vicinity  of  Houghs 
Neck,  on  the  shores  of  Hingham  Bay,  and  in  the  Merrymount  section 
of  the  Quincy  shore.  The  only  place  where  grease  balls  or  other  evi- 
dence of  sewage  contamination  were  observed  near  the  North  Metro- 
politan sewer  outlet  was  at  the  Point  Shirley  section  of  the  town  of 
Winthrop. 

Boston  Harbor  Investigation,  1935-1936,  Volume  3,  Miscellaneous. 

June  12,  1936. 

As  a  result  of  the  oil  seen  in  the  sewage  field  from  Nut  Island  out- 
fall on  June  11,  1936,  a  float  survej^  and  sampling  trip  was  made  on 
Friday,  June  12,  1936.    The  wind  was  northeast,  and  flood  tide  when 
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the  floats  were  released  at  12.30  p.m.  There  was  a  large  amount  of  oil 
on  the  edge  of  the  sewage  field.  Two  floats,  one  surface  and  one  depth, 
were  released  and  followed  for  3  hours,  with  observations  and  bac- 
terial samples  collected  every  15  minutes.  The  depth  float  traveled 
into  Hingham  Bay  and  the  surface  float  went  into  Quincy  Bay.  The 
oil  followed  the  surface  float  and  was  affected  by  the  strong  north- 
east wind,  whereas  the  depth  float  traveled  with  the  tide.  When 
the  surface  float  was  picked  up,  the  oil  was  headed  towards  the  Merry- 
mount  Beach  area. 

August  6,  1936. 

Northeast  wind,  flood  tide. 

Samples  were  taken  in  Quincy  Bay  at  the  various  stations  on  Au- 
gust 6,  because  the  northeast  wind  and  flood  tide  were  driving  the 
Nut  Island  field  sewage  into  Quincy  Bay.  The  wind  made  it  im- 
possible to  determine  the  exact  edge  of  the  field,  but  large  areas  in  the 
bay  were  covered  with  grease,  garbage  and  other  debris. 

During  the  course  of  taking  samples,  it  was  observed  that  the 
sewage  was  going  ashore  at  various  points,  along  Houghs  Neck, 
Adams  Shore  and  Merrymount  Beach.  Samples  were  taken  and 
conditions  were  noted  at  these  places. 

Wollaston  Beach  was  examined,  and  while  the  water  close  to  shore 
was  very  dirty  and  contained  some  debris,  it  was  impossible  to  deter- 
mine if  the  sewage  field  touched  this  shore. 

Where  the  amount  of  diluting  water  into  which  the 
sewage  is  discharged  is  relatively  small,  the  dissolved 
oxygen  is  often  a  good  indication  of  the  organic  pollution. 
Except  to  a  minor  degree  and  for  small  areas  only,  the 
content  of  dissolved  oxygen  in  the  harbor  waters  is  not 
so  low  as  to  indicate  excessive  pollution. 

Suspended  sewage  solids,  in  large,  slow-moving  bodies 
of  water,  tend  to  settle  to  the  bottom,  there  to  mingle 
with  the  mud  and  to  form  so-called ,  sludge  banks.  In 
such  bottom  deposits  some  of  the  organic  matter  and 
the  bacteria  contained  therein  may  be  undisturbed  for 
long  periods  of  time,  to  be  later  stirred  up,  tending  to 
pollute  the  overlying  waters.  The  characteristics  of  the 
bottom  deposits  in  parts  of  Boston  Harbor  have  been 
investigated  by  the  State  Department  of  Public  Health. 
Their  comments  are  as  follows: 

House,  No.  1600. 
Samples  of  mud  were  collected  at  each  of  the  harbor  and  part  of 
the  shore  stations  during  1935  and  1936.    At  practically  every  har- 
bor station  the  mud  samples  contained  many  more  bacteria  charac- 
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teristic  of  pollution  than  did  the  water  at  the  surface  above.  This 
was  especially  notable  in  Winthrop  Bay,  just  west  of  the  Deer  Island 
outfall,  in  1935  and  in  1936,  in  the  entrance  to  Hingham  and  Quincy 
bays,  in  the  path  of  the  sewage  on  flood  tide  from  the  Nut  Island 
outfall. 

Some  of  the  muds  from  the  shore  stations  also  showed  high  con- 
centrations of  the  coli-aerogenes  group,  the  shore  on  the  west  side 
of  Houghs  Neck,  near  the  Wollaston  Yacht  Club  and  along  the  west 
side  of  Squantum  and  in  the  mouth  of  the  Neponset  River,  being 
particularly  badly  polluted. 

Probably  the  organisms  are  deposited  in  the  mud  with  the  sewage 
solids  and  are  not  washed  out  to  sea  with  the  outgoing  tide.  The 
water  above  is  changed  during  each  tidal  cycle. 

Of  particular  importance,  as  a  measure  of  the  pollu- 
tion, are  bacterial  analyses,  chiefly  those  to  determine 
the  number  of  so-called  B.  coli,  which  are  characteristic 
of  sewage.  More  consideration  has  been  given,  in  studies 
of  bathing  beach  waters  elsewhere,  to  the  so-called  B. 
coli  index  than  to  most  other  yardsticks. 

Standards  for  Bacterial  Quality  of  Bathing  Beach 
Waters.  —  Some  standard  for  the  desirable  condition  of 
the  harbor  waters  for  bathing  is  needed  if  a  conclusion 
is  to  be  reached  as  to  the  limiting  effect  of  sewage  in 
Boston  Harbor  upon  the  use  of  the  water  and  shores, 
and  the  need  of  sewage  treatment.  Similar  problems 
have  been  investigated  and  considered  during  the  past 
fifteen  to  twenty  years  in  other  coast  cities.  A  brief 
reference  will  be  made  to  the  more  pertinent  of  these 
investigations. 

Perhaps  the  best  summary  appears  in  the  1935  report 
of  the  Joint  Committee  on  Bathing  Places  of  the  Ameri- 
can Public  Health  Association  and  the  Conference  of 
State  Sanitary  Engineers,  from  which  the  following  is 
quoted : 

It  is  not  considered  practicable  or  desirable  to  recommend  any 
absolute  standard  of  safety  for  the  waters  of  outdoor  bathing  places.  .  . . 

Proposed  bacteriological  standards  by  various  agencies  have  seemed 
to  hit  mainly  upon  two  widely  divergent  limits  for  standards  of  ac- 
ceptability for  bathing  waters,  one  of  which  is  50  B.  coli  per  100  c.c, 
and  the  other,  1,000  B.  coli  per  100  c.c.    It  is  perhaps  reasonable  to 
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conclude  that,  subject  to  interpretation  of  analytical  studies  from 
proper  angles,  waters  better  than  the  lower  limit  (1,000  B.  coli  per 
100  c.c.)  are  fairly  acceptable. 

A  more  extended  summary  of  data  appears  in  the  1932 
report  of  the  Joint  Committee,  relative  to  bacterial 
standards  for  natural  waters  used  for  bathing  purposes, 
from  which  the  following  is  abstracted : 

The  proposed  standard  in  California  limits  the  B.  coli 
index  of  these  waters  to  1,000  per  100  c.c.  In  New  York 
City  a  limiting  standard  of  3,000  per  100  c.c.  is  used. 
After  studying  bathing  beach  waters  in  the  harbor  of 
New  Haven,  Connecticut,  Winslow  and  Moxon  have  sug- 
gested that  possibly  an  average  of  not  over  100  B.  coli 
per  100  c.c.  with  a  maximum  of  not  over  1,000  might 
be  a  reasonable  figure  for  such  a  standard. 

The  Connecticut  State  Department  of  Health  recently 
completed  an  extensive  survey  of  shore  bathing  waters 
in  that  State,  from  which  the  following  classification  of 
these  waters  was  made  on  the  basis  of  their  average 
B.  coli  content: 


Class. 

Average  B.  Coli  Index 
per  100  c.c. 

A 

B 

C 

D 

0-50 
51-500 
501-1,000 
Over  1,000 

These  same  waters  were  also  classified  in  Classes  A, 
B,  C  and  D  on  the  basis  of  information  as  to  sewer  out- 
lets, float  studies,  etc.,  obtained  by  means  of  a  sanitary 
survey.  Class  A  in  the  sanitary  survey  was  considered 
good ;  Class  D  was  very  poor ;  and  the  two  intermediate 
classes  ranged  from  doubtful  to  poor. 

In  commenting  on  the  foregoing  classification,  the 
Committee  suggested  in  the  1935  report  that  the  "  in- 
terpretation of  areas  falling  into  Classes  B,  C  and  D,  as 
to  whether  these  areas  can  be  considered  good,  doubtful, 
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poor,  or  very  poor,  must  for  the  present  be  left  with  the 
interested  state  health  department  or  other  agency  con- 
cerned. .  .  .  Allowances  should  be  made  and  distinctions 
drawn  as  to  pollution  introduced  by  large  bathing  loads 
at  outdoor  bathing  places  and  pollution  derived  from 
sewer  discharges  or  other  sources." 

The  Tri-State  Pollution  Commission  for  New  York, 
New  Jersey  and  Connecticut  concluded  that  all  sewage 
discharged  into  the  waters  of  the  Metropolitan  District 
of  New  York  City  should  be  so  treated  as  to  effect  a 
sufficient  reduction  in  bacteria,  so  that  the  effluent  when 
discharged  into  waters  used  for  bathing  and  recreation 
should  not  contain  more  than  50  B.  coli  per  100  c.c. 

Records  of  bacteriological  analyses  of  bathing  beach 
waters  along  the  New  Jersey  coast,  made  by  the  State 
Department  of  Health,  showing  the  effect  of  treatment 
of  sewage,  including  chlorination,  give  the  following  re- 
sults : 


Item. 

B.  Coli  per  100  c.c. 

1928. 

1930. 

1932. 

Ebbtide 

5,670 
4,900 

164 
340 

84 
54 

Similar  investigations  and  reports  have  been  made  by 
various  governmental  agencies  and  sanitary  engineers  re- 
garding the  bacterial  content  of  bathing  beach  waters  at 
Chicago,  Illinois,  Hampton  Roads,  Virginia,  Los  Angeles, 
California,  and  along  the  New  Jersey  coast. 

Based  on  the  foregoing  information,  we  have  assumed 
that  for  the  bathing  beach  waters  of  Boston  Harbor,  a 
single  B.  coli  index  of  1,000  per  100  c.c.  is  a  warning 
that  excessive  contamination  may  be  present  at  times; 
and  that  an  average  index  in  excess  of  3,000  B.  coli  per 
100  c.c.  shows  that  the  waters  may  be  dangerous  to  the 
public  health. 

B.  Coli  Content  of  Bathing  Beach  Waters  in  Other 
Cities.  —  As  only  a  very  general  guide  to  the  signifi- 
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cance  of  the  B.  coli  index  of  bathing  beach  waters,  the 
following  approximate  numbers  from  other  cities  are 
listed  below: 


Reference. 


City. 


B.  Coli 
per  100  c.c. 


Los  Angeles    . 

Hampton  Roads    . 

Chicago 

New  Jersey  beaches  (1932) 

New  Jersey  beaches  (1938) 

Quincy  Bay,  Boston  (1936) 

Quincy  Bay,  Boston  (1935) 


218 

300 

838 

69 

382 

2,210 

1,875 


The  following  paragraphs  briefly  describe  the  foregoing 
situations : 


1.  This  is  the  average  of  37  samples  during  1938, 
taken  in  the  surf  1,900  feet  northwest  of  White  Point. 
The  sewage  of  Los  Angeles  County  is  discharged,  after 
chlorination  and  sedimentation,  5,000  feet  off  shore  at 
White  Point. 

2.  This  is  the  average  of  all  near-shore  samples  along 
the  beaches  of  Chesapeake  Bay  on  either  side  of  the 
entrance  to  Hampton  Roads.  The  analyses  are  by 
the  United  States  Public  Health  Service  in  1934. 

3.  This  is  the  average  of  138  samples  at  14  much- 
used  beaches  along  Lake  Michigan  in  Chicago  for  the 
year  1929. 

4.  This  is  the  average  of  a  number  of  surf  samples 
collected  during  the  summer  of  1932  by  the  New 
Jersey  State  Department  of  Health  at  beaches  along 
the  New  Jersey  coast  between  Long  Branch  and  Bay 
Head. 

5.  This  is  the  average  of  363  surf  samples  collected 
along  the  New  Jersey  coast  between  South  Amboy 
and  Seaside  Park  during  the  summer  of  1938  by  the 
New  Jersey  State  Department  of  Health. 
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6.  This  is  the  average  of  64  shore  samples  in  Quincy 
Bay  taken  in  1936  and  analyzed  by  the  State  Depart- 
ment of  Public  Health. 

7.  This  is  the  average  of  77  shore  samples  in  Quincy 
Bay  taken  in  1935  and  analyzed  by  the  State  Depart- 
ment of  Public  Health. 

Bacteriological  Analyses  of  Waters  of  Boston  Harbor.  — 
The  bacteriological  analyses  made  during  past  investi- 
gations of  Boston  Harbor  include  the  following  deter- 
minations : 

Bacteria  per  cubic  centimeter: 
20°  C.  —   4  days. 
37°  C.  —  24  hours. 
Total  number. 
Red  colonies. 
B.  coli. 


We  have  examined  the  bacteriological  data  in  three 
groups,  designated  as  the  series  of  1929-30,  the  series  of 
1935  and  the  series  of  1936.  We  have  given  particular 
attention  to  the  B.  coli  index,  which  we  have  computed 
for  the  various  samples  from  the  original  records  of  the 
State  Department  of  Public  Health.  The  total  number 
of  samples  and  determinations  is  fairly  large,  as  in- 
dicated by  the  following  summary: 


Series. 

Total  Number 

of  Sampling 

Stations. 

Total  Number 
of  Analyses. 

Average  Number 

of  Analyses  per 

Sampling  Station. 

1929-30         

1935 

1936 

120 
84 
162 

1,433 

912 

1,175 

12.0 
10.9 
7.3 

In  our  study  of  the  bacteriological  data  we  have  made 
a  large  number  of  charts  showing  the  distribution  of  the 
B.  coli-  index  throughout  the  harbor. 

One  of  these,  Fig.  5,  has  been  selected  as  giving  a 
representative  picture  of  the  average  or  general  bacterio- 
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logical  condition  of  the  harbor.  The  areas  tinted  red 
are  those  where  the  B.  coli  index  was  probably  in  excess 
of  3,000  per  100  c.c,  and  the  cross-hatched  areas  are 
those  with  a  probable  B.  coli  index  between  1,000  and 
3,000  per  100  c.c. 

It  is  of  interest  to  note  that  the  number  of  days  on 
which  samples  were  taken  was,  in  general,  five  to  ten 
during  each  year,  1935  and  1936.  Therefore  the  maxi- 
mum B.  coli  indices  on  any  one  sampling  day  are  im- 
portant, because  of  the  possibility  of  their  occurrence 
on  days  when  samples  were  not  taken.  November  18, 
1935,  when  a  strong  northerly  wind  was  blowing,  was  a 
day  of  high  B.  coli  indices,  shown  as  follows: 

Summary  of  B.  Coli  Indices  for  All  Samples  taken  on  November  18, 1935. 


Sampling  Station. 

B.  Coli  per  100  c.c. 

Total  Number 

of  Samples  at 

Stations  in  1935. 

Q-1S 

100,000 

10 

Q-2S  . 

10,000 

10 

Q-3S  . 

10,000 

10 

Q-7S  . 

1,000 

10 

Q-8S  . 

10,000 

10 

S-1S  . 

10,000 

6 

S-2S  . 

10,000 

6 

S-3S  . 

10,000 

6 

S-4S  . 

10,000 

6 

S-5S  . 

100,000 

5 

S-6S  . 

100,000 

6 

S-7S  . 

10,000 

6 

Wind  Direction  and  Velocity. 


Day  in  November,  1935. 

Average. 

Maximum. 

Velocity. 

Direction. 

Velocity. 

Direction. 

1fi 

20.8 
37.7 
28.2 

N. 

N.  E. 
N. 

30 
54 
49 

E. 

17 
18 

N.  E. 

N.  E. 
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Days  on  which  the  B.  coli  index  was  100,000  per  100 
c.c.  are  listed  as  follows: 

Sampling  Data  when  B.  Coli  Index  ivas  100,000  per  100  c.c. 


Average  Wind. 

Sampling  Station. 

Date. 

Tide. 

Velocity. 

Direction. 

D-7S 

July    16,  1935 

Ebb 

13.5 

S.  W. 

Q-1S 

Nov.  18 

1935 

Ebb 

28.2 

N. 

S-5S  . 

Nov.  18 

1935 

Ebb 

28.2 

N. 

S-6S  . 

Nov.  18 

1935 

Ebb 

28.2 

N. 

D-4B-S 

June   11 

1936 

Ebb 

8.7 

E. 

D-4S 

Aug.   10 

1936 

Ebb 

8.1 

S.  W. 

Q-2S 

Aug.  20 

1936 

Flood 

8.0 

E. 

The  sampling  points  are  probably  too  scattered  to 
permit  more  than  a  general  statement.  It  appears,  how- 
ever, that  the  pollution  of  some  of  the  shore  waters  used 
for  bathing,  as  judged  by  the  B.  coli  index,  is  approach- 
ing an  intensity  dangerous  to  the  public  health,  and  may 
now  make  the  waters  at  some  points  unfit  for  bathing 
at  times.  There  is  a  possibility  that  currents,  induced 
by  the  wind,  may  carry  sewage  pollution  close  to  the 
shores,  and  that  if  all  samples  had  been  taken  on  days 
when  the  wind  was  blowing  from  the  north  or  northeast, 
the  average  of  the  analyses  would  have  shown  much 
higher  B.  coli  indices  for  the  shore  waters. 

To  indicate  the  effect  of  the  wind  on  the  number  of 
B.  coli,  we  have  prepared  Figs.  6  and  7,  showing  the 
average  B.  coli  index  for  each  direction  of  wind  for  all 
of  the  samples  of  the  1935  and  of  the  1936  series.  Fig.  6, 
for  the  1935  series,  shows  the  higher  indices  for  a  north 
wind.  The  samples  in  November,  which  showed  a  very 
high  B.  coli  index  (10,000  to  100,000  per  100  c.c),  were 
collected  on  a  day  when  the  wind  was  blowing  from  the 
north  at  an  average  velocity  of  28.2  miles  per  hour. 
This  figure  shows  that  the  prevailing  winds  on  the  sam- 
pling days  were  from  the  west  and  southwest,  but  that 
the  winds  of  highest  velocity  were  from  the  northeast. 
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No.  of  Days  for  Each 
Wind  Direction 


/•Note;  A  verage  wind  velocity  was 
28. 2  M.P.H.  on  day  on  which 
high  November  results 
were  obtained 


'erage  No.  of 
Col/ per  100  c.c. 


Reference 
No. 

Average  No.  of 
RCo/i  per  100  c.c. 

la 

6757 

lb 

3180 

2 

400 

3 

1640 

4 

bit 

5 

260 

6 

201 

Wind  Data    covers   158  Days 
from    June  25  fo  Dec.  2. 


Pollution  of  Boston  Harbor 

Quincy  Bay  Samples 

Series  of  1935 

Effect  of  Wind  on  B.Coh  Index 
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Mo.  ofDaysfor£a\ 
Wind  Direct  ten  ZA 


FiCj.7 


"Average  Wind 
\  Velocity 

/      \ 
^Avtr.tfo.oF 
-Cali  Per  ho  cc 


r- 


Aver- No.  of 
6-Co/i 
^.  Per.lOQC.C. 


Reference 
No 


Average  No.  of 
SColi  per  IQQC.C. 


zzoq 


3U2 


58 


106 


JZ<? 


Wind  Oat  a  Covers  110  Days 
From  May  23  To  Sepf,  7 


Pollution  of  Boston  Harbor 
Quincy  Bay  Samples 
Series  of  1936 
Effect  of  Wind  on  BiCou  Index 
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Similar  data  for  the  1936  series  are  shown  on  Fig.  7. 
The  higher  indices  occurred  when  the  wind  was  blowing 
from  the  north  (2,209  per  100  c.c.)  and  from  the  east 
(3,622  per  100  c.c).  The  prevailing  winds  were  from 
the  east  and  southwest,  and  the  average  wind  velocity 
was  about  the  same  for  all  the  wind  directions  on  the 
sampling  days.  The  average  velocities  of  the  winds  from 
the  north  and  east  on  the  sampling  days  in  1936,  which 
caused  the  high  average  B.  coli  indices  noted  above, 
were  as  follows: 


Sampling  Day,  1936. 


Wind  Velocity  in  Miles 
per  Hour  from  the  — 


June  11  . 
July  13  . 
August  20 
September  9 


Extent  of  Sewage  Fields.  —  We  have  given  considera- 
tion to  the  extent  of  sewage  fields  or  sleek  fields  in  the 
harbor.  In  House,  No.  1600  "sleek"  is  the  term  applied 
"to  that  smooth,  silky  appearance  of  the  surface  of  a 
body  of  water,  resulting  from  the  discharge  of  grease  or 
other  fatty  matters."  As  distinguished  from  the  sewage 
field,  the  sleek  field  is  visible  and  apparent.  By  the  term 
"sewage  field"  is  meant  the  area  of  the  harbor  water 
within  which  the  characteristics  of  the  water  have  been 
changed  by  the  presence  of  sewage.  It  is  easier  to  define 
an  outline  of  the  sleek  field  than  of  the  sewage  field.  On 
Fig.  8  we  have  shown  the  most  extensive  sleek  field 
observed  in  1936  for  each  of  the  three  main  outlets.  As 
the  quantity  of  sewage  discharged  into  the  harbor  in- 
creases, the  sleek  areas  will  also  increase.  Assuming 
that  the  increase  of  the  sleek  areas  will  be  in  direct  pro- 
portion to  the  increase  in  the  sewage  flow,  we  have  in- 
dicated on  Fig.  8  a  probable  line  enclosing  the  maximum 
sleek  fields  as  they  may  be  in  1955. 


THE  COMMONWEALTH  OF  MASSACHUSETTS 

SPECIAL  C0MMI8SI0N0N  DISCHARSKOF  SEWAGE 

INTO 

BOSTON  HARBOR 

REPORT  OPCONSULTINSENGlNEERS 

GREELEY   5c  HANSEN 

METCALF  8f  EDDY 


V////A     MAX.  SLEEK-1936 
\v.:.\\A     MAX. SLEEK- 1955 
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House,  No.  1600  also  summarizes,  in  tables  on  pages 
88,  137  and  187,  the  chemical  analyses  of  the  harbor 
water  at  various  distances  from  each  of  the  three  main 
outlets  along  the  paths  taken  by  floats,  for  a  series  of 
observations  at  intervals  beginning  in  1898.  The  report 
also  gives  the  results  of  chemical  analyses  of  what  is 
designated  as  harbor  water  outside  of  sewage  fields,  and 
of  sea  water  at  some  distance  from  the  harbor,  where 
there  is  no  influence  of  sewage  or  shore  pollution.  A  com- 
parison of  the  chemical  analyses  of  samples  collected  at 
various  distances  from  the  Moon  Island  and  Nut  Island 
outlets,  within  the  sewage  fields,  with  the  analyses  of  the 
harbor  water  outside  of  the  sewage  fields  indicates  in  a 
rough  way  the  extent  of  the  sewage  field  from  each  out- 
let.   We  have  estimated  these  distances  as  follows: 


Main  Outlet. 

Distance  in  Feet  from  Outlet 

where  Albuminoid  Ammonia 

was  about  0.18  p.  p.  m. 

5,000 
20,000 
16,000 

These  distances  are  indicated  by  the  circles  on  Fig.  8. 
While  this  computation  is  only  a  rough  approximation, 
it  indicates  that  the  sewage  field  may  at  times  extend  at 
least  as  far  as  the  sleek  field. 

In  the  foregoing  computation  the  chemical  analyses  of 
the  samples  from  the  vicinity  of  the  Deer  Island  outlet 
were  compared  with  sea  water  as  a  standard  instead  of 
bay  water,  because  of  the  proximity  of  this  outlet  to  the 
open  ocean.  Perhaps,  due  to  the  fact  that  at  Deer 
Island  there  are  multiple  outlets  in  deeper  water,  and 
perhaps  also  because  the  currents  at  that  point  tend  to 
cause  the  sewage  to  spread  and  disappear  in  the  water 
outside  of  the  harbor,  the  sewage  field  at  Deer  Island 
appears  to  be  much  less  extensive  than  at  Moon  Island 
and  Nut  Island. 
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Tidal  Currents.  —  Tidal  currents  in  Boston  Harbor  are 
clearly  shown  in  a  publication  of  the  United  States  Coast 
and  Geodetic  Survey,  designated  as  Serial  No.  504,  the 
second  edition  of  which  has  just  been  issued.  Twelve 
charts  show  the  direction  and  velocity  of  the  current  and 
the  areas  of  slack  water  at  various  times  of  both  the  ebb 
and  the  flood  tides.  The  highest  velocity  occurs  off 
Deer  Island,  reaching  2.0  knots  at  certain  periods  on 
both  the  ebb  and  the  flood  tides.  The  current  in  Nan- 
tasket  Roads  is  somewhat  less,  reaching  1.7  knots  during 
certain  portions  of  both  tides.  The  currents  on  either 
side  of  Long  Island,  which  largely  affect  the  sewage  from 
Moon  Island,  are  considerably  less,  the  maximum  veloc- 
ity shown,  1.1  knots,  occurring  three  hours  after  high 
water  and  to  the  south  of  Long  Island.  Tidal  currents 
at  times  of  maximum  velocities  on  the  ebb  and  flood 
tides  are  as  shown  on  Figs.  9  and  10,  reproduced  from 
these  charts.  In  the  reproduction  the  red  arrows  and 
red  figures  become  black. 

Numerous  floats  were  released  at  various  points  in  the 
harbor  and  their  travel  was  observed  and  recorded.  A 
summary  of  these  observations  off  Moon  Island  is  given 
in  House,  No.  1600,  as  follows: 

...  it  might  be  stated  that  the  results  of  all  of  these  float  tests 
show  that  sewage  released  at  Moon  Island  on  the  outgoing  tide  under 
the  present  program  may  be  expected  to  pass  generally  in  a  north- 
easterly direction  between  Rainsford  Island  and  Long  Island,  but 
under  certain  conditions  some  of  the  sewage  will  pass  between  Long 
Island  and  Spectacle  Island,  and  that  a  tidal  movement  from  0.57 
of  a  mile  per  hour  to  about  1.13  miles  per  hour  may  be  expected. 

Summary  and  Conclusion.  —  In  the  foregoing  para- 
graphs we  have  dealt  with  the  condition  of  Boston 
Harbor  in  the  light  of  the  surveys,  observations  and 
analyses  that  have  been  made,  considered  the  uses  of 
Boston  Harbor  and  its  shores,  and  discussed  reasonable 
standards  of  cleanliness  for  these  waters.  The  signifi- 
cance of  the  evidences  of  pollution  of  Boston  Harbor  is 
briefly  summarized  as  follows: 


FOUR  HOURS  AFTER  BEGINNING  UF  EBB  AT  DEER  ISLAND  LIGHT 
(4  hours  after  high  water  at  Boston) 


THREE  HOURS  AFTER  BEGINNING  OF  FLOOD  AT  DEER  ISLAND  LIGHT 
(3j  hours  after  low  water  at  Boston) 


1939.]  HOUSE  —  No.  2465.  125 

(a)  Sleek  and  sewage  fields  now  extend  over  large 
portions  of  Boston  Harbor  and  penetrate  into  Quincy 
Bay  and  Hingham  Bay.  In  these  bays  the  sewage 
fields  have  reached  points  less  than  one  half  mile  from 
the  shore  in  many  places. 

(6)  The  bacterial  content  of  the  shore  waters  of  the 
harbor,  as  evidenced  by  the  B.  coli  index,  in  some 
places  is  at  times  higher  than  what  is  generally  con- 
sidered a  reasonable  upper  limit  for  the  safety  of  bath- 
ing beach  waters. 

(c)  While  the  beaches  in  general  are  not  seriously 
affected  by  grease  balls  and  other  visible  objects  of 
sewage  origin  stranded  along  the  shore,  there  are  evi- 
dences that  such  pollution  does  occur  and  with  suffi- 
cient frequency  to  lower  the  desirability  of  some  of 
the  bathing  beaches  for  recreation. 

(d)  Although  it  is  impracticable  to  restore  the  earlier 
shellfish  industry  of  Boston  Harbor,  it  is  desirable  to 
maintain  the  industry  which  now  exists  and  to  im- 
prove conditions  affecting  the  culture  of  shellfish. 

While  it  is  true  that  some  of  the  bacteriological  data 
may  have  been  affected  by  storm  overflows,  private  sew- 
ers or  other  kinds  of  local  shore  pollution,  the  proximity 
of  harbor  waters  highly  contaminated  by  sewage  from 
the  main  outlets  is  a  potential  source  of  excessive  bac- 
terial pollution  of  the  near  shore  and  bathing  beach 
waters,  and  this  pollution  is  certain  to  increase  in  the 
future.  In  evaluating  the  general  sanitary  condition  and 
the  need  for  sewage  treatment,  consideration  has  also 
been  given  to  the  present  large  areas  covered  by  the 
sleek  and  sewage  fields,  to  floating  sewage  matters  car- 
ried to  the  shore,  and  to  the  high  B.  coli  indices  in  Quincy 
and  Dorchester  bays  on  days  of  strong  northerly  winds. 

In  view  of  the  foregoing  considerations,  we  are  of  the 
opinion  that  the  construction  of  sewage  treatment  works 
should  be  undertaken  as  soon  as  practicable. 

We  concur  with  the  statement  in  the  "Summary  and 
Recommendations"  of  the  Board  of  Engineers  (House, 
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No.  1600,  page  319),  "that  extension  of  the  outfall  sewer 
to  a  point  beyond  the  harbor  limits  in  the  vicinity  of  the 
Graves  probably  would  prove  to  be  impracticable  be- 
cause of  the  excessive  cost  of  about  $27,000,000,  and 
because,  unless  the  sewage  were  treated  for  the  removal 
of  grease  and  other  floating  matters,  such  matters  prob- 
ably would  reach  the  neighboring  shores." 

Sewage  Characteristics. 

Data.  —  Analyses  of  the  sewage  at  the  main  sewer  out- 
lets of  Metropolitan  Boston  have  been  made  by  the  State 
Department  of  Public  Health.  The  most  recent  analyses 
appear  in  House,  No.  1600  (pages  75,  129,  177  and  278). 
For  the  sewage  treatment  that  appears  most  suitable  at 
Boston,  the  following  characteristics  are  pertinent: 

Suspended  solids. 

Chlorides. 

Fats. 

Chlorine  demand. 

The  suspended  solids  largely  determine  the  size  and 
cost  of  sludge  disposal  structures.  The  chlorides  indicate 
the  amount  of  salt  water  leaking  into  the  sewers.  The 
fats  are  important,  as  they  are  a  large  factor  in  forming 
sleek  fields,  so  that  their  removal  is  desirable.  The  chlo- 
rine demand  shows  the  amount  of  chlorine  needed  for 
adequate  reduction  of  the  bacteria.  The  more  recent 
data  regarding  these  sewage  characteristics  are  summa- 
rized below: 


Year. 

Number 

of 
Samples. 

Parts  per  Million. 

Sewage. 

Total 
Sus- 
pended 

Solids. 

5-Day 
B.  O.  D. 

Chlo- 
rides. 

Fats. 

Boston  Main  Drainage 

North  Metropolitan  . 
Soutli  Metropolitan  . 

f  1935 
1 1936 
f  1935 

1 1936 
1936 

230 
72 
81 

105 
64 

162 
119 
256 
152 
156 

157 
144 
249 
175 
119 

4,080 
3,478 
3,280 
3,151 
198 

50 
34 
83 
41 
49 
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These  characteristics  are  typical  of  a  relatively  strong 
domestic  sewage  without  the  admixture  of  large  quan- 
tities of  industrial  wastes.  The  sewage  of  the  North 
Metropolitan  District,  however,  is  the  strongest  of  the 
three  as  measured  by  the  suspended  solids  and  B.  0.  D. 

Suspended  Solids.  —  As  indicated  by  the  analyses  and 
as  found  by  experience  elsewhere,  the  content  of  total 
suspended  solids  will  vary  from  time  to  time.  The 
weighted  average  total  suspended  solids  in  parts  per  mil- 
lion and  the  estimated  quantity  in  pounds  per  capita 
per  24  hours  are  shown  in  the  following  tabulation  which 
also  includes  the  amounts  assumed  in  the  sewage  treat- 
ment projects  described  in  this  report: 


Total  Suspended  Solids. 

Outlet. 

Parts  per  Million. 

Pounds  per  Capita 
per  24  Hours. 

Boston  Main  Drainage: 

Average,  1935  and  1936  1  . 

Basis  of  design       .... 
North  Metropolitan: 

Average,  1935  and  1936  i  . 

Basis  of  design 

South  Metropolitan: 

Basis  of  design         ..... 

152 
175 

198 
200 

156 
184 

0.19 
0.25 

0.20 

0.28 

0.17 
0.17 

Weighted  averages. 


The  amount  of  total  suspended  solids  in  pounds  per 
capita  per  24  hours  assumed  as  a  basis  for  the  computa- 
tion of  the  sludge  disposal  facilities  of  the  sewage  treat- 
ment projects  is  highest  for  the  sewage  of  the  North 
Metropolitan  District,  thus  providing  a  margin  for  in- 
dustrial wastes.  The  unit  for  the  Boston  Main  Drainage 
District  is  high  because  of  the  large  transient  population 
not  included  in  computing  the  pounds  per  capita.  Com- 
parative figures  from  several  other  cities  are  as  follows: 
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City. 

Total  Suspended  Solids 

in  Pounds  per  Capita  per 

24  Hours. 

Chicago: 

North  Side 

West  Side 

New  York: 

0.25 
0.19 
0.16 
0.34 
0.38 
0.22 

0.27 
0.21 

Chlorides.  —  The  amount  of  chlorides  in  sewage  de- 
pends upon  the  characteristics  of  the  ground  water  in  the 
subsoil  of  the  area  served  by  the  sewers,  the  amount  of 
infiltration,  and  the  amount  of  sea  water  entering  the 
sewers  through  tide  gates  or  other  structures.  Compara- 
tive data  for  other  cities  are  not  pertinent.  The  chlorides 
in  the  sewage  of  the  Boston  Main  Drainage  and  North 
Metropolitan  districts  are  relatively  high. 

Fats.  —  The  quantity  of  fats  in  sewage  is  not  found  to 
be  important  in  the  operation  of  sewage  treatment  plants 
except  in  special  cases  where  the  content  is  very  large,  or 
where  the  sewage  is  discharged  into  bodies  of  water  favor- 
able to  the  formation  of  sleek  fields.  In  general,  there- 
fore, these  are  not  included  in  the  routine  determinations 
at  sewage  treatment  plants.  A  few  records  are  available, 
as  follows: 


City. 


Fats  (Ether  Soluble) 
(Parts  per  Million). 


Flint,  Mich. 
Indianapolis,  Ind. 
Milwaukee,  Wis. 
Philadelphia,  Pa. 
Madison,  Wis. 


48.0 
39.3 
52.4 
52.0 
39.2 
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The  amount  of  fats  in  the  sewage  of  Metropolitan  Bos- 
ton does  not  appear  to  be  unusually  high,  the  weighted 
averages  for  the  three  main  outlets  being  as  follows: 


Outlet. 

Fats  (Ether  Soluble) 
(Parts  per  Million). 

49.0 
46.0 
54.0 

Chlorine  Demand.  —  The  chlorine  demand  is  another 
characteristic  of  sewage  for  which  routine  analyses  at 
sewage  treatment  plants  are  not  in  general  available. 
During  the  first  six  months  of  operation  at  Buffalo  the 
amount  of  chlorine  required  for  a  very  substantial  reduc- 
tion in  the  bacteria  was  at  the  rate  of  5.5  parts  per 
million.  Records  of  the  amount  of  chlorine  applied  at 
Cleveland  indicate  9.0  p.  p.  m.  for  screened  sewage  and 
8.0  p.  p.  m.  for  settled  sewage. 

The  reference  to  chlorine  demand  on  page  259  of 
House,  No.  1600,  is  as  follows: 

A  recent  test  on  settled  sewage  collected  at  Deer  Island  indicates 
that  37.7  parts  per  million  of  chlorine  are  necessary  to  maintain  a 
residual  of  0.2  of  a  part  per  million  for  10  minutes.  Although  this 
quantity  seems  large,  the  sewage  at  Deer  Island  is  stale,  and  in  the 
summer  seldom  contains  any  dissolved  oxygen.  The  chlorine  demands 
on  settled  sewage  from  Nut  Island  were  only  6.2,  and  from  Moon 
Island,  11.6,  parts  per  million. 

The  chlorine  demands  for  the  sewage  of  the  Boston 
Main  Drainage  and  South  Metropolitan  districts  are 
nearly  comparable  to  experience  elsewhere.  The  indi- 
cated chlorine  demand  of  the  sewage  of  the  North  Metro- 
politan District  is  unusually  high,  and  it  is  not  likely 
that  this  high  rate  will  prevail  as  an  average  for  this 
district.  The  chlorine  demand  tests  were  made  on  single 
catch  samples. 

In  computing  the  estimates  of  cost  of  sewage  treatment 
projects  for  Metropolitan  Boston,  we  have  assumed  that 
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chlorine  will  be  applied  to  the  sewages  at  the  following 
average  rates: 

South  Metropolitan 10  p.  p.  m. 

Boston  Main  Drainage 10  p.  p.  m. 

North  Metropolitan 15  p.  p.  m. 

Required  Treatment  of  Sewage. 

In  order  to  relieve  the  objectionable  effects  of  dis- 
charging untreated  sewage  through  the  main  outlets  in 
Boston  Harbor,  it  will  be  necessary  to  treat  the  sewage 
(1)  to  remove  the  floating  solids  which  are  unsightly  on 
the  harbor  waters  and  may  be  carried  to  the  shores  by 
the  wind  and  tide;  (2)  to  remove  grease  which  causes 
extensive  sleek  areas  on  the  harbor  waters;  (3)  to  reduce 
the  amount  of  suspended  solids  capable  of  forming  sludge 
deposits;  and  (4)  to  prevent  excessive  bacterial  pollu- 
tion of  harbor  and  shore  waters  during  the  recreational 
season. 

Removal  of  Floating  Solids.  —  The  floating  solids  may 
be  removed  by  suitable  tanks  provided  with  mechanical 
skimming  devices,  special  precautions  being  required  to 
prevent  the  escape  of  such  matters  in  the  effluent. 

Removal  of  Grease.  —  More  or  less  grease  or  oil  will 
accumulate  at  the  surface  of  the  tanks  and  will  be  re- 
moved with  the  floating  solids  on  skimming  the  tanks. 
In  order  to  increase  the  amount  of  grease  which  can  be 
so  removed,  it  is  advisable  to  provide  pre-aeration  and 
chlorine  treatment  of  the  sewage  in  relatively  inexpen- 
sive "  aero-chlorinating  tanks."  The  scum  removed 
should  be  burned  in  a  suitable  incinerator. 
$|  Removal  of  Deposit-forming  Solids.  —  Tanks  for  the 
removal  of  floating  solids  and  grease  will  also  accomplish 
the  sedimentation  of  a  considerable  proportion  of  the 
suspended  solids  in  the  form  of  sludge,  which  should  be 
removed  by  mechanical  means.  The  least  expensive 
method  of  disposal  of  this  sludge  will  be  barging  to  sea 
where  it  may  be  discharged  without  causing  complaint. 

Reduction  in  Excessive  Bacterial  Pollution  during  the 
Season  of  Recreation.  —  The  excessive  bacterial  pollution 
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of  harbor  and  shore  waters  during  the  season  of  recrea- 
tion can  be  prevented  by  disinfection  of  the  sewage  with 
liquid  chlorine  by  means  of  suitable  chlorinators. 

Preliminary  Treatment  by  Mechanically  Cleaned  Racks 
and  Grit  Chambers.  —  In  order  to  facilitate  the  handling 
of  the  sludge  and  scum,  the  sewage  should  first  be  passed 
through  mechanically  cleaned  racks  having  openings 
about  %  inch  wide  for  removing  the  coarse  suspended 
matters,  and  mechanically  cleaned  grit  chambers  pro- 
viding a  velocity  of  0.5  to  1.0  foot  per  second  for  remov- 
ing heavy  material  like  sand.  The  mechanically  cleaned 
racks  would  replace  the  existing  cage  screens  which  are 
obsolete.  The  screenings  removed  from  the  racks  should 
be  burned  in  a  suitable  incinerator.  The  material  re- 
moved from  the  grit  chambers  may  be  used  for  fill  in 
the  vicinity  of  the  sewage  treatment  plant,  or  it  may  be 
barged  to  sea  with  the  sludge.  The  relative  position  of 
these  racks  and  grit  chambers  should  be  given  considera- 
tion in  the  design  of  the  sewage  treatment  plants. 

The  sewage  should  first  be  passed  through  coarse,  hand- 
cleaned  racks  having  openings  about  4  inches  wide  to 
protect  pumps  and  other  mechanical  equipment. 

Sewage  Flow  Meter.  —  A  suitable  meter  will  be  needed 
for  indicating  and  recording  the  sewage  flow. 

Sewage  Pumping  Station  Changes  and  Additions.  — 
Sewage  pumping  station  changes  and  additions  must  be 
made  as  required  by  the  treatment  and  disposal  of  the 
sewage. 

Aero-Chlorinating  Tanks.  —  The  aero-chlorinating  tanks 
or  channels  should  provide  a  detention  period  of  3  or  4 
minutes  at  the  average  rate  of  flow.  An  average  air  sup- 
ply of  about  0.02  cubic  foot  per  gallon  of  sewage,  using 
spiral  circulation,  and  an  average  chlorine  supply  of  2 
to  3  p.  p.  m.  (parts  per  million),  or  about  17  to  25  pounds 
per  million  gallons  will  be  required. 

Sedimentation  Tanks. —  The  sedimentation  tanks  should 
have  a  detention  period  of  not  less  than  one  hour  at  the 
average  (annual)  flow.  This  will  provide  a  detention 
period  of  somewhat  more  than  20  minutes  for  storm  flows 
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three  times  the  average  dry-weather  flow.  These  tanks 
may  be  either  round  or  rectangular  in  horizontal  cross 
section,  and,  in  either  case,  should  be  provided  with 
mechanical  means  for  skimming  and  for  removal  of 
sludge,  as  previously  indicated. 

Chlorination  Equipment.  —  For  disinfection  of  the  sew- 
age during  the  season  of  recreation,  chlorination  equip- 
ment, capable  of  introducing  15  to  20  p.  p.  m.,  or  125  to 
167  pounds  per  million  gallons  at  150  per  cent  of  the 
average  dry- weather  flow,  will  be  required.  The  chlorine 
may  be  introduced  into  the  influent  of  the  sedimentation 
tanks  which  will  provide  ample  contact  period  for  dis- 
infection. 

Sludge  Disposal  Equipment.  —  Sludge  pumping  equip- 
ment will  be  required  to  pump  the  sludge  to  storage  tanks 
from  which  it  will  be  discharged  to  the  sludge  vessels  or 
barges  for  disposal  at  sea.  It  is  advisable  to  provide  for 
a  week's  storage  of  the  sludge  to  allow  for  unfavorable 
weather  conditions  for  barging  to  sea. 

In  the  cost  estimates  we  have  assumed  sea-going  sludge 
vessels  similar  to  those  in  use  in  New  York  City  for  dis- 
posal of  sludge  at  sea.  A  suitable  ship  channel,  turning 
basin  and  dock  should  be  provided  as  may  be  found 
necessary. 

Provision  for  Odor  Control.  —  In  the  design  of  the  sew- 
age treatment  plants  provision  will  have  to  be  made  for 
control  of  odors,  particularly  from  the  sludge  storage 
tanks. 

Location  of  Treatment  Plants.  —  The  sewage  treatment 
plants  will  be  built  on  existing  land  or  land  made  by  hy- 
draulic fill,  as  conditions  may  require.  A  suitable  sea 
wall  or  embankment  will  be  necessary. 

Buildings  and  Grounds.  —  An  administration  building 
and  garage  and  service  building  will  be  needed.  Suitable 
roadways  should  be  provided  and  the  grounds  should  be 
appropriately  landscaped. 

Year  for  Design  of  Sewage  Treatment  Plants.  —  It  is 
reasonable  to  design  the  sewage  treatment  plants  for  the 
year  1955  and  to  enlarge  them  thereafter  as  found  neces- 
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sary.  The  sewage  treatment  plants  probably  could  not 
be  completed  before  1943. 

Provisions  for  More  Complete  Treatment  in  the  Future. 
—  Space  and  head  should  be  provided  for  suitable  mixing 
and  flocculating  tanks,  to  be  built  ahead  of  the  sedimen- 
tation tanks  to  permit  treatment  of  the  sewage  by  chemi- 
cal precipitation  if  and  when  required. 

Space  and  head  should  also  be  provided  for  the  treat- 
ment of  the  sedimentation  tank  effluent  by  mechanical 
filtration,  such  as  by  magnetite  filters,  if  and  when  more 
efficient  removal  of  suspended  solids  is  required. 

In  our  judgment,  it  is  inadvisable  to  provide  for  so- 
called  complete  treatment,  as  by  the  activated  sludge 
process.  If  and  when  the  treatment  proposed  becomes 
inadequate  to  meet  the  requirements,  consideration 
should  be  given  to  the  extension  of  the  effluent  outfalls. 

Other  Methods  of  Sludge  Disposal.  —  If  conditions  in 
the  future  should  not  permit  of  disposing  of  the  sludge 
at  sea,  some  other  method  of  sludge  disposal  would  be 
necessary. 

The  raw  sludge  could  be  dewatered,  as  by  vacuum 
filters,  and  the  sludge  cake  burned  in  a  suitable  incinera- 
tor, as  at  Chicago,  for  example.  The  cost  of  this  method 
of  disposal  would  be  considerably  greater  than  barging 
to  sea. 

In  many  cases  the  raw  sludge  is  pumped  to  sludge  di- 
gestion tanks  and  provision  made  for  collection  of  the 
digestion  tank  gas  and  its  utilization  either  for  power  or 
for  heating,  or  for  both,  as  at  the  District  of  Columbia 
sewage  treatment  plant,  for  example.  Well  digested 
sludge  is  relatively  inoffensive  in  odor,  but  the  additional 
cost  of  a  sludge  digestion  tank  plant  does  not  appear 
to  be  warranted  under  the  conditions  at  Metropolitan 
Boston. 

Digested  sludge  is  in  a  more  favorable  condition  for 
sludge  dewatering  than  is  raw  sludge,  particularly  where 
elutriation  or  washing  of  the  digested  sludge  is  provided 
to  reduce  the  amount  of  chemicals  required  for  condi- 
tioning the  sludge  for  filtration.    Such  dewatered  sludge 
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is  in  a  suitable  condition  for  local  use  as  a  fertilizer,  and 
has  been  so  used  at  various  sewage  treatment  plants 
favorably  located  for  such  disposal.  This  method  of 
disposal  would  not  be  suitable  for  the  sludge  from  treat- 
ment of  the  Boston  Metropolitan  sewage  because  of  the 
inaccessibility  of  the  sites  to  farmers  and  the  large 
quantities  of  sludge  to  be  disposed  of. 

Under  some  conditions  it  has  been  considered  advan- 
tageous to  digest  sewage  sludge  prior  to  dewatering  and 
incineration,  as  at  Buffalo,  for  example.  This  subject 
should  be  reviewed  if  it  becomes  desirable  to  use  a 
method  of  sludge  disposal  other  than  dumping  at  sea. 

Use  of  Centrifuge  for  Dewatering  Sludge.  —  Much 
study  has  been  given  to  the  development  of  the  centri- 
fuge for  dewatering  sewage  sludge,  and  many  tests  have 
been  made  on  different  kinds  of  sludge.  Under  certain 
conditions  it  has  been  found  possible  to  produce  well 
dewatered  sludge.  In  one  series  of  tests  now  being  con- 
ducted with  raw  sewage  sludge,  it  has  been  concluded 
that  it  will  be  necessary  to  screen  the  sludge  and  grind 
the  screenings  to  make  the  sludge  suitable  for  the  centri- 
fuge. This  was  also  found  to  be  necessary  prior  to  de- 
watering  screenings  at  the  Jamaica  sewage  screening 
plant  in  New  York  City.  Another  difficulty  is  the  char- 
acter of  the  centrifuge  effluent  which  is  a  thin  sludge, 
presenting  a  further  sludge  disposal  problem,  and,  so  far 
as  we  are  aware,  it  has  not  been  demonstrated  how  this 
problem  can  be  satisfactorily  solved.  As  a  result  of  the 
tests  referred  to  above,  it  has  been  indicated  that  a 
suitable  grease-separating  tank  for  the  effluent  will  be 
required  as  an  integral  part  of  a  sludge  centrifuge  instal- 
lation. 

The  centrifuge  for  dewatering  the  sewage  sludge  is 
still  in  the  experimental  stage.  With  auxiliary  equip- 
ment it  may  become  a  satisfactory  means  of  sludge  de- 
watering.  Further  consideration  should  be  given  to  it 
in  the  future  in  case  it  should  be  decided  to  dewater 
and  incinerate  or  otherwise  dispose  of  the  sludge  instead 
of  barging  it  to  sea. 


1939.]  HOUSE  —  No.  2465.  135 

Feasibility  of  Preparing  Sludge  for  Sale  as  a  Fertilizer.  — 
In  recent  years  a  process  has  been  developed  for  treat- 
ing garbage  by  bacterial  digestion  for  the  production  of 
fertilizer.  A  test  plant  is  in  operation  on  garbage  at 
Spectacle  Island.  A  plant  working  on  the  same  principle 
was  installed  at  Elmhurst,  Illinois,  some  time  ago  for 
disposal  of  garbage,  but  we  understand  that  this  plant 
is  not  now  in  operation  on  account  of  injunction  pro- 
ceedings due  to  the  production  of  an  odor  nuisance.  An 
improved  plant  has  recently  been  under  consideration 
for  the  disposal  of  garbage  at  Berkeley,  California,  but 
we  have  no  information  in  regard  to  this  plant. 

It  is  claimed  that  this  process  would  be  suitable  for 
converting  dewatered  raw  sewage  sludge  into  an  unob- 
jectionable fertilizer.  Before  recommending  this  process 
for  sludge  disposal  we  should  wish  to  have  it  demon- 
strated that  the  process  would  be  satisfactory  as  to  opera- 
tion and  cost. 

The  subject  of  the  use  of  sludge  for  fertilizer  is  dealt 
with  in  House,  No.  1600  (pages  268-271).  The  results 
of  fertilizer  analyses  of  composite  samples  of  sludge  de- 
rived from  settling  sewage  from  each  of  the  three  Boston 
Metropolitan  districts,  as  reported  b}r  the  Massachusetts 
Agricultural  Experiment  Station,  are  presented.  The 
comparative  commercial  valuation  of  each,  per  ton  of 
dried  product,  was  as  follows : 

North  Metropolitan $12  57 

Boston  Main  Drainage 11  76 

South  Metropolitan 12  49 

As  pointed  out,  this  valuation  may  not  represent  the 
actual  price  which  could  be  obtained  for  the  sludge  in 
the  open  market,  and  a  large  quantity  of  low  grade  fer- 
tilizer put  on  the  market  would  reduce  the  price  obtain- 
able. Furthermore,  sharp  fluctuations  in  the  market 
price  occur  quite  frequently. 

The  chemist  stated  that  "The  product  is  rather  poorly 
balanced  as  a  fertilizer  for  most  crops,  containing  too 
large  an  amount  of  nitrogen  as  compared  with  phosphoric 
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acid  and  potash."  However,  the  nitrogen  was  less  than 
3.5  per  cent  as  compared  with  5  per  cent  reported  for 
the  largest  tonnage  of  fertilizer  sold  in  this  State  during 
the  year  ending  June  30,  1937.  It  was  only  about  one 
half  that  of  the  dried  sludge  from  the  activated  sludge 
process  at  Milwaukee,  where  the  dewatered  sludge  is 
dried  and  marketed  as  a  fertilizer  or  fertilizer  base.  The 
actual  net  cost  of  treatment  by  the  activated  sludge 
process  would  be  much  greater  than  the  annual  cost  of 
treatment  as  proposed  for  the  Boston  Metropolitan 
districts. 

In  our  judgment,  the  quality  and  value  of  the  sludge 
from  sedimentation  of  the  sewage  of  the  Boston  Metro- 
politan districts  would  not  be  such  as  to  warrant  the 
dewatering  and  drying  of  this  sludge  for  marketing  as  a 
fertilizer  at  the  present  time. 

Consideration  of  Other  Processes.  —  At  the  time  of  de- 
sign, consideration  may  properly  be  given  to  any  new 
processes  of  sewage  treatment  or  sludge  disposal  that 
have  become  satisfactorily  developed  as  regards  opera- 
tion and  cost. 

Comments  Regarding  Treatment  of  Industrial  Wastes.  — 
It  is  proper  to  admit  to  the  sewer  systems  reasonable 
quantities  of  organic  wastes  requiring  treatment,  after 
such  preliminary  treatment  as  may  be  needed  to  prevent 
deposits  in  the  sewers  and  an  undue  burden  of  expense 
for  sewage  treatment ;  and  to  exclude  wastes  which  might 
injuriously  affect  the  sewers,  pumping  stations,  or  treat- 
ment plant  structures,  or  interfere  with  the  sewage  treat- 
ment processes.  The  proposed  sewage  treatment  plants 
will  conform  with  this  policy.  So  far  as  practicable,  it 
is  particularly  important  to  keep  oil  and  gasoline  wastes 
out  of  the  sewers. 

Basis  of  Construction  Cost  Estimates.  —  The  estimates 
of  construction  costs  of  the  sewage  treatment  projects 
are  based  in  large  part  on  preliminary  layouts,  quantity 
surveys,  and  current  unit-prices.  In  compiling  the  quan- 
tity surveys,  advantage  has  been  taken  of  detailed  quan- 
tity surveys  of  similar  structures  of  recent  design.     The 
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estimates  include  the  cost  of  pile  foundations  and  a 
liberal  allowance  for  contingencies,  engineering  and  super- 
vision. 

Unit  prices  used  for  the  more  important  items  of  the 
cost  estimates  are  as  follows : 


Item. 


Unit. 

Unit  Price 

Cubic  yard. 

$2  00 

Cubic  yard. 

30 

Cubic  yard. 

3  00 

Square  foot. 

1  00 

Linear  foot. 

50 

Linear  foot. 

2  00 

Cubic  yard. 

20  00 

Pound. 

05 

Pound. 

05 

Pound. 

10 

Excavation   .... 

Hydraulic  excavation  and  fill 

Gravel  refill 

Steel  sheet  piling 

Timber  piles 

Concrete  piles 

Concrete  (general  average)  . 

Reinforcing  steel  . 

Structural  steel     . 

Miscellaneous  steel  and  iron 


Sewage  Treatment  Project  for  South  Metropoli- 
tan District. 

Present  Method  of  Sewage  Disposal.  —  The  sewage  from 
the  South  Metropolitan  District  is  conducted  to  Nut 
Island  in  Quincy  where  it  passes  through  grit  catchers 
and  bar  cage  screens  having  openings  1  inch  wide,  and 
then  discharges  through  one  or  more  of  the  three  60-inch 
cast  iron  pipes  to  outlets  located  northwest  of  Peddock's 
Island,  the  depth  of  water  at  mean  low  tide  being  30  feet 
at  two  of  these  outlets  and  20  feet  at  the  other  which  is 
considered  an  emergency  outlet.  The  screenings  are 
pressed  and  burned  under  the  boiler. 

The  trunk  sewer  at  its  lower  end  at  Nut  Island  has  a 
computed  capacity  of  323  m.  g.  d.,  but,  at  times  of  high 
tides,  it  is  impracticable  to  take  a  flow  in  excess  of  about 
274  m.  g.  d.  which  is  the  combined  capacity  of  the  three 
outlet  conduits  at  a  13-foot  tide. 

Population  to  be  served  by  Proposed  Sewage  Treatment 
Plant.  —  According  to  the  annual  report  of  the  Sewerage 
Division  of  the  Metropolitan  District,  the  population  of 
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the  South  Metropolitan  District  contributing  sewage  in 
1935  was  643,690,  or  approximately  75  per  cent  of  the 
total  population  of  the  district. 

The  population  of  the  South  Metropolitan  District 
that  will  be  contributing  sewage  in  1955,  the  year  for 
design  of  the  treatment  plant,  has  been  estimated  at 
900,000,  which  is  a  little  over  90  per  cent  of  the  esti- 
mated total  population  of  the  district  in  that  year,  taken 
from  the  curve  of  estimated  population  recently  prepared 
by  the  State  Planning  Board  in  co-operation  with  the 
engineers  of  the  State  Department  of  Public  Health. 

Quantity  of  Sewage  to  be  Treated.  —  The  quantity  of 
sewage  discharged  into  Boston  Harbor  through  the  Nut 
Island  outlet  conduits  in  1935  averaged  86.5  m.  g.  d.  for 
the  year  and  70.5  m.  g.  d.  for  the  period  from  June  to 
November,  inclusive,  the  maximum  rate  of  flow  during 
the  year  being  230  m.  g.  d. 

The  average  dry-weather  flow  of  sewage  in  1955  has 
been  estimated  at  90  m.  g.  d.,  based  on  100  gallons  per 
capita  per  day,  which  is  about  the  same  as  at  present* 
It  has  been  assumed  that  storm  flows  will  be  treated  up 
to  three  times  the  average  dry-weather  flow,  or  270 
m.  g.  d.  It  has  been  further  estimated  that  the  yearly 
average  flow  to  be  treated  will  be  about  125  gallons  per 
capita  per  day,  equivalent  to  112.5  m.  g.  d. 

Site  for  Sewage  Treatment  Plant.  —  A  suitable  area  for 
the  proposed  sewage  treatment  plant  for  the  South 
Metropolitan  District  can  be  made  available  by  hydraulic 
fill  to  the  west  of  Nut  Island  and  the  construction  of  a 
sea  wall  and  embankment,  and  provision  made  for  dis- 
charging the  treated  sewage  through  the  existing  outlet 
conduits.  The  sewage  treatment  plant  could  be  located 
on  Peddock's  Island,  but  this  would  involve  extending 
the  trunk  sewer  to  Peddock's  Island  and  building  new 
outlet  conduits,  which  obviously  would  increase  the  cost 
materially. 

Layout  for  Sewage  Treatment  Plant  at  Nut  Island.  —  A 
location  plan  and  a  preliminary  layout  for  the  sewage 
treatment  plant  at  Nut  Island  are  shown  in  Figs.  11 
and  12. 
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Sewage  is  taken  off  the  trunk  sewer  ahead  of  the 
existing  grit  catchers  and  screen  house,  and  passes 
through  the  mechanically  cleaned  racks  and  grit  chambers. 
The  incinerator  for  burning  the  screenings  is  located 
near  by.  After  passing  the  racks  and  grit  chambers,  the 
sewage  flows  to  a  new  low-lift  pumping  station  which  is 
required  to  put  the  sewage  through  the  remainder  of  the 
treatment  plant  and  discharge  the  effluent  through  the 
existing  outlet  conduits.  The  sewage  pumped  will  be 
measured  by  an  indicating  and  recording  flow  meter. 

The  sewage  is  then  passed  through  the  aero-chlorinat- 
ing tanks  and  thence  to  the  sedimentation  tanks  which 
will  also  provide  for  removal  of  the  floating  solids  and 
grease  which  will  be  burned  in  the  incinerator.  The 
chlorinators  and  blowers  for  supplying  chlorine  and  air, 
respectively,  for  the  aero-chlorinating  tanks  are  located 
in  a  building  near  by.  Chlorinators  for  disinfecting  the 
sewage  during  the  season  of  recreation  will  also  be  located 
in  this  building.  Chlorine  will  be  applied  to  the  influent 
of  the  sedimentation  tanks,  thus  serving  for  odor  con- 
trol as  well  as  affording  ample  contact  period  for  dis- 
infection. 

Space  and  head  for  possible  future  mixing  and  floccu- 
lating tanks  for  chemical  precipitation  are  provided 
between  the  aero-chlorinating  tanks  and  the  sedimenta- 
tion tanks. 

The  sludge  will  be  removed  from  the  bottom  of  the 
sedimentation  tanks  by  mechanical  scrapers  and  pumped 
to  the  sludge  storage  tanks  adjacent  to  the  dock.  The 
clear  liquor  accumulating  in  the  storage  tanks  as  a  result 
of  concentration  of  the  sludge  will  be  returned  to  the 
influent  of  the  sedimentation  tanks.  The  concentrated 
sludge  will  be  discharged  as  desired  into  the  sludge  vessel 
or  barges  for  disposal  at  a  suitable  point  beyond  the 
Graves. 

The  sedimentation  tank  effluent  will  pass  to  the  cham- 
ber at  the  existing  screen  house,  from  which  it  will  be 
discharged  through  the  existing  outlet  conduits. 
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Space  and  head  are  available  for  providing  mechanical 
filters  for  the  sedimentation  tank  effluent  if  and  when 
greater  efficiency  is  required  in  the  removal  of  suspended 
solids. 

An  administration  building  and  a  garage  and  service 
building  are  provided  as  shown. 

Flows  in  excess  of  270  m.  g.  d.,  three  times  the  average 
dry-weather  flow,  may  be  put  through  the  proposed  sew- 
age treatment  plant  up  to  the  capacity  of  the  trunk  sewer 
entering  Nut  Island,  but  the  excess  of  effluent  will  over- 
flow at  the  shore  when  such  flows  occur  coincidentally 
with  high  tides. 

Estimated  Cost  of  Sewage  Treatment  Plant.  —  The  esti- 
mated cost  of  the  proposed  sewage  treatment  plant  for 
the  South  Metropolitan  District  is  summarized  in  Table 
5,  facing  page  116. 

These  estimates  include  a  reasonable  allowance  for 
contingencies  and  engineering. 

The  total  of  approximately  $3,000,000  allows  $500,000 
for  sludge  disposal  equipment,  including  one  sea-going 
vessel  of  the  type  used  at  New  York  City  for  the  disposal 
of  sludge  at  sea.  Consequently,  considerable  saving  in 
first  cost  might  be  effected  by  contracting  for  the  dis- 
posal of  the  sludge.  However,  the  actual  cost  of  sludge 
disposal  would  probably  be  considerably  less  if  the 
Metropolitan  District  were  to  own  the  sludge  vessel. 
In  connection  with  the  design  of  the  sewage  treatment 
plant,  consideration  should  be  given  to  the  feasibility  of 
using  sludge  barges  and  tow  boats  instead  of  the  more 
expensive  sea-going  sludge  vessel  which  we  have  allowed. 
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Table  5.  —  Summary  of  Cost  Estimates  of  Sewage  Treatment  Plant 
for  South  Metropolitan  District. 

Gate  chamber 125,000 

Racks  and  grit  chambers 341,000 

Low-lift  pumping  station 380,000 

Meter  for  sewage  flow        .        .        .        .        .        .  68,000 

Aero-chlorinating  tanks     . 47,000 

Blower  plant 50,000 

Chlorination  plant 106,000 

Sedimentation  tanks 500,000 

Sludge  storage  tanks 77,000 

Incinerator  and  odor  control  equipment         .        .  100,000 

Conduits  and  outside  piping 150,000 

Electrical  work,  exterior 50,000 

Yard  equipment  and  trucks 50,000 

Administration  building 87,000 

Garage  and  service  building 32,000 

Grounds 125,000 

Dock,  sea  wall  and  embankment     ....  320,000 

Ship  channel 50,000 

Sludge  disposal  equipment,  including  one  sludge 

vessel 500,000 

Total $3,058,000 

Cost  per  m.  g.d.  (112.5) $27,200 

Cost  per  capita  (900,000) $3.40 

Cost  of  Operation  of  Sewage  Treatment  Plant.  —  The 
estimated  annual  cost  of  operation  and  maintenance  of 
the  proposed  sewage  treatment  plant  in  1943,  which  is 
assumed  to  be  the  first  year  of  operation,  is  summarized 
below : 

Administration  and  overhead $10,000 

Payroll 125,000 

Power 39,000 

Chlorine 39,000 

Maintenance 36,000 


Total $249,000 

Cost  per  million  gallons  treated  (assuming  93  m.  g.  d.)         .         $7.34 
Cost  per  capita  (assuming  population  of  746,000)  .        .        .         $0 .  33 
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Capital  Charges.  —  The  capital  charges  for  the  sewage 
treatment  plant  in  1943,  based  on  20-year,  2}4  per  cent 
serial  bonds  with  equal  annual  retirement  payments, 
would  be  as  follows: 

Annual  retirement $152,900 

Interest  in  1943  (assuming  two  prior  payments)     .        .        .        61,500 


Total $214,400 

Basic  Data  for  Sewage  Treatment  Project.  —  The  basic 
data  used  for  the  sewage  treatment  project  for  the 
South  Metropolitan  District  are  summarized  below: 

1.  Year  for  design    .......  1955 

2.  Population  to  be  served 900,000 

3.  Quantity  of  sewage  to  be  treated: 

Average  dry-weather  flow  .  .  .  .  100  g.  c.  d. 

=  90  m.  g.  d. 
Maximum    storm    flow,    3    times    average    dry- 
weather  flow  ......  270  m.  g.  d. 

Yearly  average  flow  .....  125  g.  c.  d. 

=  112.5  m.  g.  d. 

4.  Coarse  bar  racks,  hand-cleaned: 

Width  of  openings     ......  4  in. 

5.  Mechanically  cleaned  racks: 

Width  of  openings     ...... 

Volume  of  screenings  per  million  gallons,  average 
Volume  per  day: 

Average         .  .  .  . 

Maximum,  4  times  average  .... 
Weight  per  day: 

Average         ....... 

Maximum,  4  times  average  .... 
Screenings  to  be  pressed  and  incinerated. 

6.  Grit  chambers,  mechanically  cleaned: 

Velocity  of  flow  ...... 

Quantity  of  grit  per  million  gallons: 

Average         ....... 

Maximum  at  maximum  rate  of  flow 
Quantity  of  grit  per  day: 

Average         ....... 

Maximum     ....... 

Grit  to  be  disposed  of  locally  for  fill  or  barged  to 
sea  with  sludge. 

7.  Low-lift  pumping  station: 

Pumping  head  .  .  .  .  .  .  10  to  15  ft. 

Number  of  pumping  units  ....  4 

Capacities  of  pumps  c  40,  60,  80,  100  m.  g.  d. 

Space  for  additional  100  m.  g.  d.  unit. 


M 

m. 

2  cu. 

ft. 

225  cu. 

ft. 

900  cu. 

ft. 

11,250  lbs. 

45,000  lbs. 

0.5  to  1.0  f.  p 

i.  s. 

2  cu. 

ft. 

5  cu. 

ft. 

225  cu. 

ft. 

1,350  cu. 

ft, 
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8.  Aero-chlorinating  tanks: 

Detention  period  at  average  flow 
Capacity  required      .  . 

Air  supply  with  spiral  circulation,  average  . 
Chlorine  supply: 

Average  proportion         ..... 

Average  per  day    ...... 

Maximum  per  day  ..... 

Storage  for  chlorine,  ton  containers 

9.  Sedimentation   tanks   with   mechanical   means   for 

removing  sludge  and  scum: 
Detention  period  at  average  flow 
Capacity  required      ...... 

Number  of  tank  units  if  circular 

10.  Scum: 

Volume  per  million  gallons,  average    . 
Weight  per  day: 

Average         ....... 

Maximum,  2  times  average     .... 
Scum  to  be  incinerated. 

11.  Sludge: 

Suspended  solids  in  sewage,  per  capita  per  day 
Proportion  removed  by  sedimentation 
Weight  of  solids  removed  per  day,  average 
Volume  of  sludge  per  day  at  95%  water,  average 

12.  Sludge  pumping  equipment: 

Maximum  rate  of  pumping,  5  times  average  rate 
of  sludge  production       .  .  .  . 

Number  of  sludge  pumps  at  150  g.  p.  m.      . 
3  pumps  would  serve  maximum  requirement. 

13.  Sludge  storage  tanks,  covered: 

Number  of  tanks       ...... 

Period  of  storage  at  150%  of  average  sludge  pro- 
duction ....... 

Capacity  for  storage  at  92.5%  water  (allowing  for 
withdrawal  of  water  on  standing) 

14.  Sludge  vessel: 

Quantity  of  sludge  to  be  disposed  of: 

Average  volume  per  day  at  90%  water     . 
Weight  per  day,  average    .  . 

Weight  per  week       ...... 

Capacity  of  sludge  vessel  ..... 

15.  Incinerator  for  screenings  and  scum: 

Pressed  screenings  (hydraulic  presses) : 

Weight  per  day: 
Average     . 
Maximum 
Scum  per  day: 

Average 

Maximum 
Combined  screenings  and  scum  per  day: 

Average 

Maximum 
Capacity  of  incinerator 


3.2  min. 
35,000  cu.  ft. 
1,000  c.  f.  m. 

2  p.  p.  m. 

1,880  lbs. 

4,500  lbs. 

20 


1  hr. 
625,000  cu.  ft. 

4 

1.5  cu.  ft. 

8,440  lbs 
16,880  lbs 


0.17  lb. 

40% 

61,200  lbs. 

148,000  gals. 

=  20,000  cu.  ft. 


740,000  g.  p.  d. 

say  500  g.  p.  m. 

4 


2 

7  days 

140,000  cu.  ft. 


10,000  cu.  ft. 

315  tons 

2,205  tons 

1,500  tons 


6,750  lbs. 
27,000  lbs. 

8,440  lbs. 
16,880  lbs. 

15,190  lbs. 

43,880  lbs. 

4,000  lbs.  per  hr. 


1939.]  HOUSE  — No.  2465.  145 

16.  Chlorinators  for  disinfection  of  sewage: 
Rate  of  application  of  chlorine: 

Average         .  .  .  .  .  .  .  1 10  p.  p.  m. 

=  9,400  lbs.  per  day 
Maximum  at  150%  of  average  dry-weather  flow  15  p.  p.  m. 

=  16,870  lbs.  per  day 

Sewage  Treatment  Project  for  Boston  Main 
Drainage  District. 

Present  Method  of  Sewage  Disposal.  —  Sewage  from  the 
Boston  Main  Drainage  District  is  conducted  to  the 
pumping  station  at  Calf  Pasture,  in  Dorchester,  where 
it  passes  through  bar  cage  screens  having  openings 
2%  inches  wide  and  is  then  lifted  about  36  feet  to  two 
deposit  sewers  each  8  feet  wide,  16  feet  deep  and  1,260 
feet  long,  providing  a  velocity  of  about  1  foot  per  second 
at  the  average  sewage  flow.  From  the  deposit  sewers  the 
sewage  passes  through  the  Dorchester  Bay  Tunnel  to 
Squantum,  and  thence  through  the  outfall  sewer  to 
Moon  Island,  where  storage  tanks  are  provided  to  permit 
of  discharging  the  sewage  only  during  the  outgoing  tide. 
The  sewage  is  discharged  at  the  northwesterly  end  of 
Moon  Island,  where  there  is  a  depth  of  about  5  feet  of 
water  at  mean  low  tide. 

The  screenings  at  the  Calf  Pasture  pumping  station 
are  drained  and  burned.  The  accumulation  in  the  de- 
posit sewers  is  blown  into  the  harbor  once  a  year  and  the 
material  there  deposited  is  dredged  from  time  to  time. 

The  storage  tanks  at  Moon  Island  have  a  total  ca- 
pacity of  about  50,000,000  gallons,  but  the  working 
capacity  is  limited  to  35.4  million  gallons,  because,  if 
they  are  filled  to  a  higher  elevation,  the  sewage  backs 
up  through  the  Dorchester  Bay  Tunnel,  resulting  in  the 
overflow  of  sewage  at  the  deposit  sewers  at  Calf  Pasture. 
Sewage  is  discharged,  so  far  as  practicable,  during  the 
second  and  third  hours  of  the  outgoing  tide.  During 
the  year  1935  there  was  an  average  of  b}A  times  a  month 
when  sewage  was  discharged  prior  to  the  second  hour 
of  the  outgoing  tide,  and  an  average  of  2k(  times  a 
month  when  sewage  was  discharged  after  the  third  hour 
of  the  outgoing  tide. 

1  Including  chlorine  applied  to  aero-chlorinating  tanks. 
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The  computed  capacity  of  the  main  sewer  entering  the 
Calf  Pasture  is  210  m.  g.  d.,  but  the  capacity  of  the  Dor- 
chester Bay  Tunnel  under  existing  conditions  is  limited 
to  154  m.  g.  d.  The  capacity  of  the  outfall  sewer  from 
Squantum  to  Moon  Island  is  272  m.  g.  d. 

Utilization  of  Storage  Tanks  for  Treated  Sewage.  — 
Unquestionably,  the  effect  of  the  discharge  of  sewage 
at  Moon  Island  would  have  been  much  more  serious  if  the 
discharge  had  not  been  confined  to  the  outgoing  tide, 
which  was  made  possible  by  the  storage  tanks.  These 
tanks  are  still  in  good  physical  condition.  It  is  pro- 
posed to  utilize  them  for  the  storage  of  treated  sewage 
during  the  incoming  tide  for  discharge  during  the  out- 
going tide. 

Population  to  be  served  by  Proposed  Sewage  Treatment 
Plant.  —  The  estimated  population  contributing  sewage 
in  the  Boston  Main  Drainage  District  in  1935  was  493,- 
000,  as  given  in  House,  No.  1600,  not  including  a  very 
large  transient  population.  A  more  recent  estimate  of 
the  total  population  of  this  district  :n  1935  is  415,524. 

The  population  that  will  be  contributing  sewage  in 
1955,  the  year  for  which  it  is  proposed  to  design  the 
sewage  treatment  plant,  not  including  the  large  transient 
population,  has  been  estimated  at  400,000,  which  is  100 
per  cent  of  the  total  population  for  that  year,  according 
to  the  estimate  by  the  State  Planning  Board  in  co-opera- 
tion with  the  engineers  of  the  State  Department  of  Pub- 
lic Health. 

Quantity  of  Sewage  to  be  Treated.  —  The  estimated 
quantity  of  sewage  pumped  at  the  Calf  Pasture  pumping 
station  in  1935  averaged  75.3  m.  g.  d.  for  the  year,  and 
72.3  m.  g.  d.  for  the  period  from  June  to  November,  in- 
clusive, the  maximum  for  one  day  during  the  year  being 
118  m.  g.  d. 

The  average  dry- weather  flow  of  sewage  in  1955  has 
been  estimated  at  70  m.  g.  cl.,  and  it  has  been  assumed 
that  storm  flows  will  be  treated  up  to  three  times 
the  average  dry-weather  flow,  or  210  m.  g.  d.,  which  is 
the  computed  capacity  of  the  trunk  sewer  leading  to  the 
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Calf  Pasture.     It  has  been  further  estimated  that  the 
yearly  average  flow  to  be  treated  will  be  about  85  m.  g.  d. 

Site  for  Sewage  Treatment  Plant.  —  It  will  be  advan- 
tageous to  locate  the  mechanically  cleaned  racks  and  grit 
chambers  ahead  of  the  pumping  station  at  the  Calf  Pas- 
ture in  Dorchester,  the  incinerator  for  screenings  within 
the  boiler  house,  and  the  remainder  of  the  treatment 
plant  at  Moon  Island  southwest  of  the  existing  storage 
tanks. 

Hydraulic  Requirements.  —  In  order  to  put  all  of  the 
sewage  to  be  treated  through  the  existing  Dorchester 
Bay  Tunnel  and  utilize  the  full  capacity  of  the  storage 
tanks  at  Moon  Island,  it  is  proposed  to  abandon  the  ex- 
isting deposit  sewers  as  such  at  Calf  Pasture  and  pump 
the  sewage  through  pressure  sewers  leading  to  the  Dor- 
chester Bay  Tunnel,  and  to  install  a  low-lift  pumping 
station  for  lifting  the  sewage  sufficiently  to  pass  through 
the  treatment  plant  and  into  the  storage  tanks.  This 
low-lift  pumping  station  is  proposed  to  be  located  at 
Moon  Island  to  prevent  surcharging  the  outfall  sewer 
between  Squantum  and  Moon  Island,  and  to  maintain 
suitable  velocities  in  the  outfall  sewer. 

It  is  proposed  to  install  at  the  Calf  Pasture  pumping 
station  two  additional  pumps,  each  having  a  capacity  of 
60  m.  g.  d.  under  a  50-foot  head;  and  to  provide  two 
pressure  sewers  6  feet  in  diameter,  one  in  each  of  the 
deposit  sewer  channels;  and  to  reinforce  the  inlet  cham- 
ber and  head  works  at  the  drop  shaft  of  the  Dorchester 
Bay  Tunnel. 

Layout  for  Sewage  Treatment  Plant.  —  Preliminary  lay- 
outs for  the  sewage  treatment  plant,  to  be  located  partly 
at  the  Calf  Pasture  and  partly  at  Moon  Island,  are 
shown  in  Figs.  13  and  14. 
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As  previously  stated,  the  racks  and  grit  chambers  and 
the  incinerator  for  the  screenings  are  located  at  the  Calf 
Pasture. 

The  Squantum  outfall  sewer  to  Moon  Island  will  lead 
to  the  new  low-lift  pumping  station,  and,  after  being 
lifted  8  to  14  feet,  the  sewage  will  pass  through  the  flow 
meter  to  the  aero-chlorinating  tanks,  and  thence  through 
the  sedimentation  tanks  to  the  existing  storage  tanks. 
The  building  for  the  blowers  and  chlorinators  will  be 
located  near  the  aero-chlorinating  tanks. 

Space  and  head  for  possible  future  mixing  and  flocculat- 
ing tanks  for  chemical  precipitation  are  provided  between 
the  aero-chlorinating  tanks  and  the  sedimentation  tanks. 

Space  and  head  will  also  be  provided  for  the  installa- 
tion of  mechanical  filters  for  the  sedimentation  tank, 
effluent  if  and  when  greater  efficiency  is  required  in  the 
removal  of  suspended  solids. 

The  scum  from  the  sedimentation  tanks  will  be  burned 
in  a  suitable  incinerator  conveniently  located. 

The  sludge  from  the  sedimentation  tanks  will  be 
pumped  to  sludge  storage  tanks  from  which  the  concen- 
trated sludge  will  be  discharged  to  a  sludge  vessel  or 
barges  for  disposal  at  sea. 

The  treated  sewage  stored  in  the  existing  tanks  during 
the  incoming  tide  will  be  discharged  through  the  existing 
outlets  during  the  outgoing  tide.  Sludge  and  scum  ac- 
cumulating in  these  tanks  should  be  flushed  to  the  inlet 
ends  and  pumped  back  to  the  influent  of  the  sedimenta- 
tion tanks.  Suitable  flushing  devices  should  be  provided 
for  this  purpose. 

If  and  when  it  becomes  necessary  further  to  improve 
the  condition  of  Boston  Harbor  in  the  vicinity  of  the 
present  outlets,  one  or  more  outlet  conduits  may  be  built 
extending  a  distance  of  at  least  4,000  to  5,000  feet  towards 
Rainsford  Island,  where  the  depth  of  water  at  mean  low 
tide  is  20  feet.  If  it  should  become  necessary  to  abandon 
the  existing  storage  tanks,  the  treated  sewage  may  be 
discharged  directly  through  the  proposed  outlet  conduits. 

Estimated  Cost  of  Sewage  Treatment  Plant.  —  The  esti- 
mated cost  of  the  proposed  sewage  treatment  plant  for 
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the  Boston  Main  Drainage  District  is  summarized  in 
Table  6  below. 

The  total  of  a  little  over  $3,000,000  allows  for  one  sea- 
going vessel,  as  proposed  for  the  South  Metropolitan 
District.  In  connection  with  the  design  of  the  sewage 
treatment  plant,  consideration  should  be  given  to  the 
feasibility  of  using  sludge  barges  and  tow  boats  instead  of 
the  more  expensive  sludge  vessel  which  we  have  allowed, 
as  suggested  in  the  case  of  the  sewage  treatment  project 
for  the  South  Metropolitan  District. 

Table  6.  —  Summary  of  Cost  Estimates  of  Sewage  Treatment  Plant  for 
Boston  Main  Drainage  District. 

Structures  at  Calf  Pasture. 

Grit  chambers,  racks  and  conduits  .        .        .  $304,000 

Additions  and  alterations  at  pumping  station,  in- 
cluding incinerator 200,000 

Changes  at  deposit  sewers,  including  new  pres- 
sure sewers 114,000 


Structures  at  Moon  Island. 

Gate  chambers     . 

Low-lift  pumping  station 

Meter  for  sewage  flow 

Aero-chlorinating  tanks 

Blower  plant 

Chlorination  plant 

Sedimentation  tanks 

Sludge  storage  tanks 

Scum  incinerator  and  odor-control  equipment 

Conduits  and  outside  piping     :        .        .        . 

Electrical  work,  exterior 

Yard  equipment  and  trucks      .... 

Administration  building 

Garage  and  service  building      .... 

Grounds 

Dock,  sea  wall  and  embankment 

Ship  channel . 

Sludge  disposal  equipment        .... 


$50,000 

372,000 

65,000 

45,000 

50,000 

106,000 

450,000 

75,000 

80,000 

125,000 

50,000 

50,000 

87,000 

32,000 

125,000 

200,000 

100,000 

500,000 


$618,000 


2,562,000 


Total     .       .       .       .       .       .        .       .       .       .       .  $3,180,000 


Cost  per  m.  g.  d.  (85) 
Cost  per  capita  (400,000) 


$37,400 

$7.95 
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Estimated  Cost  of  Operation  of  Sewage  Treatment  Plant. 
—  The  estimated  annual  cost  of  operation  and  mainte- 
nance of  the  proposed  sewage  treatment  plant,  not  in- 
cluding the  Calf  Pasture  pumping  station,  based  on  the 
year  1943,  which  is  assumed  to  be  the  first  year  of  opera- 
tion, is  summarized  below: 


$10,000 
128,000 

36,000 

36,000 

30,000 
$240,000 1 


Administration  and  overhead 
Pay  roll 
Power    . 
Chlorine 
Maintenance 
Total     . 

Cost  per  million  gallons  treated  (assuming  85  m.  g.  d.)       .         $7.74 

Cost  per  capita  (assuming  population  of  400,000)        .       .        $0 .  60 

Capital  Charges.  —  The  capital  charges  for  the  pro- 
posed sewage  treatment  plant  in  1943,  based  on  20-year, 
2M  per  cent  serial  bonds  with  equal  annual  retirement 
payments,  would  be  as  follows: 

Annual  retirement $159,000 

Interest  in  1943  (assuming  two  prior  pay- 
ments)         64,400 

Total     ........  $223,400 

Basic  Data  for  Sewage  Treatment  Project.  —  The  basic 
data  used  for  the  sewage  treatment  project  for  the  Boston 
Main  Drainage  District  are  summarized  below: 

1.  Year  of  design      .......  1955 

2.  Population  to  be  served 400,000 

3.  Quantity  of  sewage  to  be  treated: 

Average  dry-weather  flow  .  .  .  .  .  70  m.  g.  d. 

=  175  g.  c.  d. 
Maximum  storm  flow,  3  times  average  dry-weather 

flow 210  m.  g.  d. 

Yearly  average  flow  .  .  .  .  .  .  85  m.  g.  d. 

=  212  g.  c.  d. 

4.  Coarse  bar  racks,  hand-cleaned: 

Width  of  openings     ......  4  in. 

1  Not  including  cost  of  operating  Calf  Pasture  pumping  station. 
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Mechanically  cleaned  racks: 

Width  of  openings     ..... 
Volume  of  screenings,  per  million  gallon  average 
Volume  per  day: 

Average         ...... 

Maximum,  4  times  average     .  .  . 

Weight  per  day: 

Average         ...... 

Maximum,  4  times  average 
Screenings  to  be  pressed  and  incinerated. 


2  cu.  ft. 

170  cu.  ft. 
680  cu.  ft. 

8,500  lbs. 
34,000  lbs. 


6.  Grit  chambers,  mechanically  cleaned: 

Velocity  of  flow  .  .  .  .    •      .  .  0.5  to  1.0  f.  p.  s. 

Quantity  of  grit  per  million  gallons: 

Average         .......  2  cu.  ft. 

Maximum  at  maximum  rate  of  flow  .  .  5  cu.  ft. 

Quantity  of  grit  per  day: 

Average         .......  170  cu.  ft. 

Maximum     .......  1,050  cu.  ft. 

Grit  to  be  disposed  of  locally  for  fill  or  barged  to 

sea  with  sludge. 

7.  Changes  at  Calf  Pasture  pumping  station: 

Miscellaneous  alterations  and  repairs. 
Install  2  new  pumping  units  at  60  m.  g.  d.,  50  feet 
head. 

8.  Changes  at  deposit  sewers: 

Install  2  6-foot  diameter  pressure  sewers,  one  in 

each  of  existing  channels. 
Reinforce  inlet  chamber  and  head  works  over  drop 

shaft. 

9.  Low-lift  pumping  station  at  Moon  Island: 

Pumping  head            .          .          .          .          .          »  8  to  14  ft. 

Number  of  pumping  units            ....  4 

Capacities  of  pumps  .....  40,  40,  60,  80  m.  g.  d. 
Space  for  additional  100  m.  g.  d.  unit. 

10.  Aero-chlorinating  tanks: 

Detention  period  at  average  flow          .          .          .  3.2  min. 

Capacity  required      ......  27,000  cu.  ft. 

Air  supply  with  spiral  circulation  (average)  .  1,000  c.  f.  m. 
Chlorine  supply: 

Average  proportion         .          .          .          .          .  2  p.  p.  m. 

Average  per  day    .......  1,420  lbs. 

Maximum  per  day           .....  3,510  lbs. 

Storage  for  chlorine,  ton  containers            .          .  20 

11.  Sedimentation  tanks  with  mechanical  means  for4re- 

moving  sludge  and  scum: 

Detention  period  at  average  flow          ...  1  hr. 

Capacity  required      ......  474,000  cu.  ft. 

Number  of  tank  units  if  circular           ...  4 

12.  Scum: 

Volume  per  million  gallons,  average  ...  1.5  cu.  ft. 
Weight  per  day: 

Average         .......  6,400  lbs. 

Maximum,  2  times  average     ....  12,800  lbs. 
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13.  Sludge: 

Suspended  solids  in  sewage  ....  175  p.  p.  m. 

Proportion  removed  by  sedimentation  .  .  40% 

Weight  of  solids  removed  per  day,  average  .  .  50,000  lbs. 

Volume  of  sludge  at  95%  water,  average      .  .  120,000  gals. 

=  16,000  cu.  ft. 

14.  Sludge  pumping  equipment: 

Maximum  rate  of  pumping  5  times  average  rate  of 

sludge  production         .   .  .  .  .  .  600,000  g.  d. 

say  420  g.  p.  m. 
Number  of  sludge  pumps  at  150  g.  p.  m.,  including 

1  spare  .......  4 

15.  Sludge  storage  tanks,  covered: 

Number  of  tanks       ......  2 

Period  of  storage  at  150%  of  average            .          .  7  days 
Capacity  for  storage  at  92.5%  water  (allowing  for 

withdrawal  of  sludge  on  standing)    .          .          .  130,000  cu.  ft. 

16.  Sludge  vessel: 

Quantity  of  sludge  to  be  disposed  of: 

Average  volume  per  day  at  90%  water     .          .  8,000  cu.  ft. 

Weight  per  day,  average          ....  260  tons 

Weight  per  week,  average        ....  1,800  tons 

17.  Incinerator  for  screenings  at  Calf  Pasture: 

Pressed  screenings  (hydraulic  presses) : 
Weight  per  day: 

Average     .......  5,100  lbs. 

Maximum 20,400  lbs. 

Capacity  of  incinerator      .....  2,000  lbs.  per  hr. 

18.  Incinerator  for  scum  at  Moon  Island: 

Weight  scum  per  day: 

Average         .          .          .    .                .          .          .  6,400  lbs. 

Maximum 12,800  lbs. 

Capacity  of  incinerator      .....  2,000  lbs.  per  hr. 

19.  Chlorinators  for  disinfection  of  sewage: 

Rate  of  application  of  chlorine: 

Average         .  .  .  .  .  .  .  J 10  p.  p.  m. 

=  7,100  lbs.  per  day. 
Maximum  at  150%  of  average  dry-weather  flow  15  p.  p.  m. 

=  13,100  lbs.  per  day 

Sewage  Treatment  Project  for  North  Metro- 
politan  District. 

Present  Method  of  Sewage  Disposal.  —  The  sewage  from 
the  North  Metropolitan  District,  discharging  to  the 
pumping  station  in  East  Boston  is  lifted  about  15  feet 
into  a  trunk  sewer  passing  through  East  Boston,  under 
Belle  Isle  Inlet,  across  Winthrop,  where  it  receives  the 
sewage  from  this  town,  and  under  the  former  location 
of  Shirley  Gut,  now  filled  in,  to  the  pumping  station  at 

1  Including  chlorine  applied  to  aero-chlorinating  tanks. 
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Deer  Island,  where  it  is  lifted  from  6  to  17  feet,  depending 
upon  the  stage  of  the  tide,  and  flows  by  gravity  to  the 
outlet  conduit,  passing  out  through  multiple  outlets 
near  Deer  Island  Light. 

The  sewage  at  the  East  Boston  pumping  station  is 
passed  through  bar  cage  screens  having  openings  2% 
inches  wide,  and  the  sewage  at  the  Deer  Island  pump- 
ing station  is  also  passed  through  similar  bar  cage  screens, 
with  openings  2%  inches  wide.  At  both  of  these  sta- 
tions the  screenings  are  burned  under  the  boilers. 

The  trunk  sewer  from  the  East  Boston  pumping  sta- 
tion to  Deer  Island  has  a  computed  capacity  of  122 
m.  g.  d.  Under  conditions  of  high  flow,  sewage  over- 
flows at  Belle  Isle  Inlet.  The  Deer  Island  pumping 
station  has  a  rated  capacity  of  235  m.  g.  d.,  and  the 
computed  capacity  of  the  outlet  conduit  is  170  m.  g.  d., 
but  this  depends  on  the  elevation  of  the  tide.  Under 
existing  conditions,  all  of  the  sewage  reaching  Deer 
Island  is  discharged  through  the  outlet  conduit. 

Population  to  be  served  by  Proposed  Sewage  Treatment 
Plant.  —  The  estimated  population  of  the  North  Metro- 
politan District  contributing  sewage  in  1935  was  646,470, 
which  is  approximately  93  per  cent  of  the  estimated 
total  population  of  the  district. 

The  population  that  will  be  contributing  sewage  in 
1955  has  been  estimated  at  750,000,  which  is  approxi- 
mately 95  per  cent  of  the  total  population  of  the  district 
for  that  year,  as  estimated  by  the  State  Planning  Board, 
with  the  co-operation  of  the  engineers  of  the  State  De- 
partment of  Public  Health. 

Quantity  of  Sewage  to  be  Treated.  —  The  quantity  of 
sewage  pumped  at  the  East  Boston  pumping  station 
in  1935  averaged  82.9  m.  g.  d.  for  the  year  and  74.4 
m.  g.  d.  for  the  period  from  June  to  November,  inclu- 
sive, the  maximum  for  one  day  during  the  year  being 
150  m.  g.  d.  During  that  year  portions  of  the  dry-weather 
flow,  as  well  as  of  storm  flows,  did  not  reach  the  East 
Boston  pumping  station. 
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The  average  sewage  flow  to  be  treated  in  1955,  in- 
cluding an  allowance  for  industrial  wastes,  has  been 
estimated  at  125  m.  g.  d.,  which  is  equivalent  to  167  g.  c.  d., 
and  it  has  been  assumed  that  storm  flows  will  be  treated 
up  to  three  times  the  average  flow,  or  375  m.  g.  d. 

Site  for  Seivage  Treatment  Plant.  —  A  suitable  area  for 
the  proposed  sewage  treatment  plant  for  the  North 
Metropolitan  District  can  be  obtained  at  Deer  Island 
by  hydraulic  fill  to  the  southwest  of  the  island  and  the 
construction  of  a  sea  wall. 

We  have  given  consideration  to  the  treatment  at  East 
Boston  of  storm  flows  in  excess  of  the  capacity  of  the 
existing  trunk  sewer  to  Deer  Island.  The  capacity  of 
this  sewer  is  no  more  than  the  estimated  average  flow  of 
sewage  to  be  treated  in  1955,  so  that  it  would  be  neces- 
sary to  treat  excess  flow  of  sewage  at  East  Boston  many 
days  during  the  year,  and  much  of  this  sewage  would  be 
fairly  strong.  We  therefore  consider  it  advisable  to 
provide  additional  sewer  capacity  to  Deer  Island.  The 
saving  in  cost  of  an  additional  sewer  so  as  to  take,  say, 
twice  the  average  flow  to  Deer  Island  as  compared  with 
one  providing  for  the  maximum  flow,  would  not  be 
sufficient  to  warrant  treating  excess  storm  flow  at  East 
Boston. 

Hydraulic  Requirements.  —  If  the  additional  sewer 
from  East  Boston  to  Deer  Island  is  built  as  a  force  main 
discharging  to  the  treatment  plant,  as  proposed  in  this 
report,  no  further  pumping  of  the  sewage  so  discharged 
will  be  required  at  Deer  Island. 

If  the  existing  gravity  sewer  having  a  computed  ca- 
pacity of  122  m.  g.  d.  is  maintained  as  such,  pumping 
of  the  sewage  so  discharged  will  be  required  at  Deer 
Island.  Additional  pumps  suitable  for  pumping  this 
sewage  to  the  treatment  plant  will  be  required. 

For  the  sewage  treatment  project  for  the  North  Metro- 
politan District  it  has  been  assumed  that  the  sewage  at 
East  Boston  will  be  pumped  through  the  new  force  main 
up  to  its  capacity,  and  that  excess  flows  will  be  pumped 
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by  low-lift  pumps  to  the  existing  gravity  sewer.  Under 
this  assumption  the  new  pumps  at  the  Deer  Island 
pumping  station  will  be  used  for  storm  flows. 

Layout  of  Sewage  Treatment  Plant  at  Deer  Island.  —  A 
location  plan  and  a  preliminary  layout  for  the  sewage 
treatment  plant  at  Deer  Island  are  shown  in  Figs.  15 
and  16. 

The  sewage  from  East  Boston,  either  with  or  without 
pumping  at  Deer  Island,  will  pass  through  the  mechani- 
cally cleaned  racks  and  grit  chambers,  flow  meter,  aero- 
chlorinating  tanks  and  sedimentation  tanks,  and  thence 
through  the  existing  and  proposed  outlet  conduits. 

The  chlorination  and  blower  plant  will  furnish  the 
chlorine  and  air  supply  for  the  aero-chlorinating  tanks, 
and  the  chlorine  for  disinfection  of  the  sewage  going  to 
the  sedimentation  tanks  during  the  recreational  season. 

The  screenings  from  the  racks  and  the  scum  from  the 
sedimentation  tanks  will  be  burned  in  the  incinerator. 
The  sludge  from  the  sedimentation  tanks  will  be  pumped 
to  the  sludge  storage  tanks,  where  it  will  gradually  con- 
centrate, permitting  the  decantation  of  water  which 
should  be  returned  to  the  influent  of  the  sedimentation 
tanks.  The  concentrated  sludge  will  be  discharged  to 
the  sludge  vessel  or  barges  and  disposed  of  at  sea. 

Space  and  head  are  provided  between  the  aero-chlori- 
nating tanks  and  the  sedimentation  tanks  for  mixing, 
and  flocculating  tanks  for  chemical  precipitation,  if  and 
when  such  treatment  is  required. 

Space  and  head  will  also  be  provided  for  mechanical 
filtration  of  the  sedimentation  tank  effluent  if  and  when 
more  efficient  removal  of  suspended  solids  is  required. 

The  existing  and  proposed  outlet  conduits  will  provide 
capacity  for  a  maximum  flow  of  375  m.  g.  d.  at  a  13-foot 
tide.  Flows  in  excess  of  375  m.  g.  d.  up  to  464  m.  g.  d., 
which  is  the  proposed  capacity  of  the  conduits  to  Deer 
Island,  may  be  put  through  the  treatment  plant,  but 
the  excess  flow  of  effluent  will  overflow  at  the  shore 
when  such  flows  occur  coincidentally  with  exceptionally 
high  tides. 


Fig.  15 
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Estimated  Cost  of  Sewage  Treatment  Plant.  —  The  esti- 
mated cost  of  the  proposed  sewage  treatment  plant  for 
the  North  Metropolitan  District  is  summarized  in 
Table  7: 

Table  7.  —  Summary  of  Cost  Estimates  of  Sewage  Treatment  Plant  for 
North  Metropolitan  District. 

Alterations  at  Deer  Island  pumping  station  .  $132,000 

Gate  chambers .  60,000 

Grit  chambers  and  racks 530,000 

Meter  for  sewage  flow 75,000 

Aero-chlorinating  tanks 80,000 

Blower  plant 50,000 

Chlorination  plant .        .  145,000 

Sedimentation  tanks  . 558,000 

Sludge  storage  tanks 105,000 

Incinerator  and  odor-control  equipment         .        .  100,000 

Conduits,  ducts  and  piping 150,000 

Exterior  electrical  work 60,000 

Yard  equipment  and  trucks      .        .        .        .        .  50,000 

Administration  building     .        .        .        .               .  87,000 

Garage  and  service  building 32,000 

Grounds        .........  125,000 

Dock  and  sea  wall 340,000 

Fill 105,000 

Outfall  conduit ,    .       .  500,000 

Sludge  disposal  equipment,  including  one  sludge 

vessel 500,000 

Total — $3,784,000 

Cost  per  m.g.  d.  (125  m.  g.  d.)   .......        $30,300 

Cost  per  capita  (750,000) $5.05 

The  estimated  total  cost  of  $3,784,000  for  this  sewage 
treatment  project  includes  an  allowance  of  $500,000  for 
sludge  disposal  equipment,  including  one  sea-going  sludge 
vessel,  as  for  each  of  the  other  two  projects.  Before  the 
third  sludge  vessel  is  obtained,  consideration  should  be 
given  to  the  feasibility  of  using  two  of  these  sludge  ves- 
sels for  handling  the  sludge  from  the  three  plants. 

Estimated  Cost  of  Operation  of  Sewage  Treatment  Plant. 
—  The  estimated  annual  cost  of  operation  and  mainte- 
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nance  of  the  proposed  sewage  treatment  plant,  based  on 
the  year  1943,  which  is  assumed  to  be  the  first  year  of 
operation,  is  summarized  below: 

Administration  and  overhead     ....  $10,000 

Payroll 121,000 

Power      .       .       .       .       .       .    .   .       .       .  30,000 

Chlorine 78,000 

Maintenance  .        .        .        .               .        .        .  45,000 

Total —   $284,000 

Cost  per  million  gallons  treated  (assuming  120  m.  g.  d.)       .         $6.48 

Cost  per  capita  (assuming  population  of  714,900)  .        .        .         $0.40 

Capital  Charges.  —  The  capital  charges  for  the  sewage 
treatment  plant  in  1943,  based  on  20-year,  2}4  per  cent 
serial  bonds  with  equal  annual  retirement  payments, 
would  be  as  follows: 

Annual  retirement $189,200 

Interest  in  1943  (assuming  two  prior  payments)  76,600 

Total $265,800 


Basic  Data  for  Sewage  Treatment  Project.  —  The  basic 
data  used  for  the  sewage  treatment  project  for  the  North 
Metropolitan  District  are  summarized  below: 


1.  Year  for  design    ... 

2.  Population  to  be  served 

3.  Quantity  of  sewage  to  be  treated: 

Average  flow     .  .  .  , 

Storm  flow  3  times  average 
Maximum  storm  flow 

4.  Racks,  mechanically  cleaned: 

Width  of  openings     . 

Volume  of  screenings,  per  million  gallons: 

Average 

Maximum 
Volume  per  day: 

Average 

Maximum 
Weight  per  day: 

Average 

Maximum 
Screenings  to  be  pressed  and  incinerated. 


1955 
750,000 

125  m.  g.  d. 
=  167  g.  c.  d. 
375  m.  g.  d. 
464  m.  g.  d. 

%  in. 

2  cu.  ft. 
5  cu.  ft. 

250  cu.  ft. 
625  cu.  ft. 

12,500  lbs. 
31,250  lbs. 
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5.  Grit  chambers,  mechanically  cleaned: 

Velocity  of  flow  .  .  .  .  .  0.5  to  1.0  f.  p.  s. 

Quantity  of  grit  per  million  gallons: 

Average         .......  2.5  cu.  ft. 

Quantity  of  grit  per  day: 

Average         .  .  .  .  .  .  .  310  cu.  ft. 

Maximum     .......  1,880  cu.  ft. 

Grit  to  be  disposed  of  locally  for  fill  or  barged  to 
sea  with  sludge. 

6.  Aero-chlorinating  tanks: 

Detention  period  at  average  flow         ...  4  min. 

Capacity  required      ......  46,300  cu.  ft. 

Air  supply  with  spiral  circulation,  average  .  .  1,230  c.  f.  m. 
Chlorine  supply: 

Average  proportion         .          .          .          .          .  3  p.  p.  m. 

Average  per  day    ......  3,110  lbs. 

Maximum  per  day          .....  9,330  lbs. 

Storage  for  chlorine,  ton  containers           .          .  20 

7.  Sedimentation  tanks  with  mechanical  removal  of 

sludge  and  scum: 

Detention  period  at  average  flow         ...  1  hr. 

Capacity  required      ......  695,000  cu.  ft. 

Number  of  tank  units  if  circular          ...  4 

:  .  Scum: 

Volume  per  million  gallons: 

Average         .'..>....  1.5  cu.  ft. 

Maximum  2  times  average      ....  3.0  cu.  ft. 

Weight  per  day : 

Average 11,200  lbs. 

Maximum 22,400  lbs. 

9.  Sludge: 

Suspended  solids  in  sewage  ....  200  p.  p.  m. 

Proportion  removed  by  sedimentation  .  40% 

Weight  of  solids  removed  per  day,  average  .  83,300  lbs. 

Volume  of  sludge  per  day  at  95%  water,  average  200,000  gals. 

=26,700  cu.  ft. 

10.  Sludge-pumping  equipment: 

Maximum  rate  of  pumping,  5  times  average  rate 

of  production 1,000,000  g.  p.  d. 

say  700  g.  p.  m. 
Number  of  pumping  units  ....  4 

Unit  capacity  .......  175  g.  p.  m. 

11.  Sludge  storage  tanks,  covered: 

Number  of  tanks       ......  2 

Period  of  storage  at  150%  of  sludge  production  .  7  days 
Capacity  for  storage  at  92.5%  water  (allowing  for 

withdrawal  of  water  on  standing)     .          .          .  187,000  cu.  ft. 

12.  Sludge  vessel: 

Quantity  of  sludge  to  be  disposed  of: 

Average  volume  per  day  at  90.0%  water            .  13,350  cu.  ft. 

Weight  per  day,  average          ....  435  tons 

Weight  per  week,  average        ....  3,050  tons 

Capacity  of  sludge  vessel  .          .          .          ....■■  1,500  tons 
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13.  Incinerator  for  screenings  and  scum: 

Pressed  screenings  (hydraulic  presses) : 
Weight  per  day: 

Average 7,500  lbs. 

Maximum 18,700  lbs. 

Scum,  weight  per  day: 

Average 11,200  lbs. 

Maximum 22,400  lbs. 

Combined  screenings  and  scum: 
Weight  per  day: 

Average 18,700  lbs. 

Maximum  ......  41,100  lbs. 

Capacity  of  incinerator      .....  6,000  lbs.  per  hr. 

14.  Chlorinators  for  disinfection  of  sewage: 

Rate  of  application  of  chlorine: 

Average         .          .          .          .          .          .          .  15  p.  p.  m. 

Maximum  at  150%  of  average  flow           .          .  20  p.  p.  m. 
Chlorine  per  day: 

Average 15,600  lbs. 

Maximum     .......  31,300  lbs. 

15.  Changes  at  Deer  Island  pumping  station: 

Miscellaneous  alterations  and  additions: 

Additional  pumping  units        ....  3 

Unit  capacity         .          .          .          .          .          .  40  m.  g.  d. 

Pumping  head        .          .          .          .          .          .  29  to  36  ft. 

Construction  Programs. 

The  projects  described  in  the  foregoing  pages  are  suffi- 
ciently needed  to  make  an  early  start  of  construction 
desirable.  If  the  various  projects  were  started  as  quickly 
as  consistent  with  orderly  work  and  construction  carried 
along  in  the  usual  manner  without  undue  interruptions, 
three  to  five  years  might  be  required  to  complete  the 
construction  and  place  the  works  in  operation.  It  is 
desirable  to  adopt  a  practical  construction  program. 
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TABLE    8 


A  FIVE   YEAR    PROGRAM  OF  CONSTRUCTION 
FOR  SEWERAGE  AND  SEWAGE    DISPOSAL  WORKS 


ESTIMATED 
COST    OF 
CONSTRUCTION 

1  5T 

YEAR 

1 

Z  ND 

YEAR 

3   RO 

YEAR 

4th 
YEAR 

5    TH 

YEAR 

SURVEYS      AND    DESIGNS 

*Z4  in, ooo 

' 

CONDUrTS  AND   APPURTENANT      WORKS 

ALEWIFE      BROOK 

875.000 

ii:  i. 

400,000 

475,000 

ARLINGTON 

580.  OOO 

ZOO,  OOO 

180,000 

ABERJONA    RIVER 

675.000 

3Z5.O0O 

350.000 

MAIDEN     RIVER 

345,  OOO 

14  5,  OOO 

ZOO,  OOO 

BAST   BOSTON  TO  DEER  ISLAND 

4.160,  OOO 

r,  000,000 

t,ooo,ooo\  i,zoo,ooo 

960,  OOO 

CHARLES    RIVER    NORTH  SIDE 

1.110,000 

500.000 

50O,O00\      ZIO, 000 

CHARLES    RIVER  SOUTH   SIDE 

6,  ZIO,  OOO 

1,300,000 

I,  310,  OOO 

1,300,000 

1,000,000 

1,  300,000 

5T0NY   BROOK 

340,000 

340,000 

EAST   CONCORD    S7T 

500,000 

Z  50,000 

Z  50,000 

SEWAGE    TREATMENT     WORKS 

NORTH    METROPOLITAN 

3,784.000 

1,000,000 

Z.  000,000 

784,000 

SOUTH    METROPOLITAN 

3.058,000 

500,000 

1,  000,000 

1,  000,000 

558.000 

BOSTON     MAIN    DRAINAGE 

Z.56Z.000 

300.000 

4Z5.000 

37Z.O00 

600,000 

865,000 

CALF  PASTURE  PUMPING  STA. 

618,000 

200,000 

418,000 

TOTAL       EXPENDITURE 

t 

Z4.in.ooo 

3. 8Z 5.000 

4.5  &  0,0  00 

5.  Z8Z.0OO 

6,573.000 

4,477,000 
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Illustrations  of  five  and  ten  year  construction  programs 
are  shown  in  Tables  8  and  9.  The  indicated  amounts  to 
be  spent  for  construction  in  each  year  of  these  two  pro- 
grams are  summarized  below: 


Year. 

Amount  for  Construction  in  Each  Year. 

Five-year  Program. 

Ten-year  Program. 

1 

2 

4 

C         .         . 

7 

8 

9 

iC 

$3,825,000 
4,560,000 
5,282,000 
6,573,000 
4,477,000 

$1,750,000 
2,325,000 
2,297,000 
2,360,000 
2,418,000 
2,765,000 
2,790,000 
2,843,000 
2,995,000 
2,174,000 

Total 

$24,737,000 

824,717,000 

Such  construction  programs  as  illustrated  should,  of 
course,  be  subject  to  adjustment  to  meet  financing  plans 
and  opportunities  and  such  special  needs  as  may  develop. 
In  New  York  City  the  Department  of  Public  Works  has 
a  tentative  plan  designated  as  the  "  Capital  Outlay  Pro- 
gram," which  calls  for  completion  of  thirty-two  sewage 
treatment  projects  by  the  end  of  the  year  1948  at  an 
estimated  total  cost  of  about  $142,000,000.  In  October, 
1938,  this  program  was  characterized  by  the  Board  of 
Consultants  as  "not  intended  to  be  rigid  .  .  .  and  to 
serve  as  a  guide  for  those  responsible  for  planning  the 
annual  capital  expenditures  for  public  works  for  the  city 
as  a  whole." 

When  steps  are  taken  to  construct  the  sewage  treat- 
ment plants  for  Metropolitan  Boston,  it  would  be  ad- 
vantageous to  adopt  a  program  that  would  permit  start- 
ing operation  of  each  treatment  plant  shortly  before  the 
beginning  of  the  recreational  season  of  the  last  year 
allotted  to  the  project  in  the  construction  program. 
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When  the  time  comes  to  proceed  with  detailed  design 
of  these  works,  the  basic  data  should  be  reviewed  in  the 
light  of  the  latest  information  then  available.  There  is 
much  that  can  be  done  preliminary  to  design,  such  as 
making  gagings  in  sewers  at  critical  points  as  a  guide  to 
conduit  design,  and  making  more  complete  measure- 
ments of  flow  and  analyses  of  sewage  for  use  in  the 
design  of  the  treatment  works. 

It  is  suggested,  also,  that  a  review  be  made  of  the 
method  of  apportionment  of  cost  of  operation  and  main- 
tenance of  the  sewerage  works  of  the  Metropolitan  Dis- 
trict Commission.  This  was  provided  for,  at  intervals  of 
five  years,  in  the  original  acts  under  which  the  North  and 
South  Metropolitan  Sewerage  systems  were  established. 
Several  such  reviews  were  made  by  boards  appointed  by 
the  Supreme  Judicial  Court  of  the  Commonwealth.  In 
a  review  of  this  kind  it  would  be  well  to  consider  the  suita- 
bility of  assessment  on  the  basis  of  sewage  flow.  Such  a 
method  might  encourage  municipalities  having  badly 
leaking  sewers  or  storm-water  connections  to  separate 
sewers  to  take  corrective  measures  in  the  interest  of 
economy,  which  would  be  beneficial  not  only  to  them- 
selves but  to  the  entire  district  as  well. 

Organization  for  Construction. 

Character  of  Work.  —  The  construction  work  comprises 
three  large  sewage  treatment  plants  and  about  34  miles 
of  conduits,  together  with  pumping  stations  and  force 
mains.  The  works  are  to  serve,  and  will  be  built  within, 
13  separate  municipalities.  If  built  with  Federal  par- 
ticipation, they  will  probably  be  built  rapidly.  Many 
complex  problems  of  administrative  and  engineering 
character  will  arise.  The  kind  of  work  to  be  done  by 
an  organization  for  the  construction  of  such  projects  is 
indicated  by  the  following  list  of  matters  which  are 
likely  to  require  more  or  less  routine  attention  over  con- 
siderable periods  of  time: 

(a)  Administrative  procedure : 
Employment. 
Insurance. 
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(b)  Financial  matters : 

Bond  sales. 
Bank  accounts. 
Pay  rolls. 

(c)  Relations  to  and  contracts  with  Federal  and  state  agencies. 

(d)  Reports,  conferences  and  public  hearings. 

(e)  Adoption  of  a  general  plan  and  schedule  of  contracts. 
(/)   Public  relations  —  talks,  lectures  and  publications. 
(g)  Acquisition  of  lands  and  rights-of-way. 

(h)  Adoption  of  plans  and  specifications,  receiving  bids,  awarding 
contracts. 

(i)  Considering  patent  matters  and  special  kinds  of  equipment  and 
processes. 

(j)  Administration  of  construction  —  reports,  general  inspections,  dis- 
putes, alterations,  defaults,  claims. 

(k)  Tax  levies,  rates  of  charge  and  rentals. 

(Z)    Preparation  for  operation. 

Past  Procedure  in  Metropolitan  Boston.  —  The  Main 
Drainage  Works  of  the  city  of  Boston  were  constructed 
between  the  years  1877  and  1884,  under  an  order  of  the 
city  council  in  the  charge  of  a  Joint  Special  Committee 
on  Improved  Sewerage  consisting  of  three  aldermen  and 
five  members  of  common  council.1 

The  Charles  River  Dam  and  Basin  were  constructed 
under  authority  of  chapter  465  of  the  Acts  of  1903  by  a 
special  commission  known  as  the  Charles  River  Basin 
Commission,  appointed  by  the  Governor,  with  the  advice 
and  consent  of  the  Council.  The  works  were  built  be- 
tween the  years  1903  and  1908. 

The  North  Metropolitan  Sewerage  System  was  con- 
structed by  a  Board  of  Metropolitan  Sewerage  Commis- 
sioners created  by  chapter  439  of  the  Acts  of  1889.  The 
principal  part  of  the  construction  was  accomplished  in 
the  period  from  1890  to  1895. 

The  Charles  River  and  Neponset  River  Valley  Sewerage 
systems  were  constructed  by  the  Board  of  Metropolitan 
Sewerage  Commissioners  in  the  years  1890  to  1892  and 
in  1896,  respectively. 

The  South  Metropolitan  Sewerage  System  was  estab- 
lished by  chapter  424  of  the  Acts  of  1899,  to  include  the 
then  Charles  River  Valley  Metropolitan  Sewerage  Dis- 

1  Boston  Main  Drainage,  1885,  p.  30. 
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trict  and  the  then  Neponset  River  Valley  Metropolitan 
Sewerage  District.  The  principal  early  construction  work 
on  this  system  included  the  construction  of  the  high  level 
sewer,  the  diversion  of  the  Charles  River  Valley  sewer  from 
the  Boston  Main  Drainage  System  to  the  high  level  sewer, 
and  similar  diversion  of  the  Neponset  River  Valley  sewer. 
The  work  was  done  by  the  Board  of  Metropolitan  Sewer- 
age Commissioners  and  the  Metropolitan  Water  and 
Sewerage  Board  in  1899  to  1904. 

Practice  Elsewhere.  —  Similar  construction  projects 
have  been  completed,  are  now  under  construction  or  are 
being  started,  in  a  number  of  other  large  centers  of  popu- 
lation in  this  country.  In  some  of  these,  special  authori- 
ties, boards  or  commissions  have  been  created  and  organ- 
ized to  carry  out  the  work.  In  others,  existing  municipal 
organizations  have  been  used.  The  following  list  indi- 
cates some  of  the  practice  in  this  regard : 

A.  Works  built  by  specially  created  body  with  no  other  duties: 

Chicago. 

Minneapolis  and  St.  Paul. 

Buffalo. 

Philadelphia  (authority  recently  established) . 

Los  Angeles  County. 

Many  small  sanitary  districts. 

Passaic  Valley  District. 

B.  Works  built  by  existing  city  or  municipality  with  other  duties: 

New  York  City. 
Los  Angeles  City. 
Detroit. 
Washington. 
San  Francisco. 
Hartford. 

Both  kinds  of  organization  are  found  in  Metropolitan 
Boston  of  which  the  city  of  Boston  and  the  Metropolitan 
District  Commission  are  representative.  The  Metropoli- 
tan District  Commission  deals  with  water  and  parks  as 
well  as  with  sewers. 

Conclusions. 

The  principal  conclusions  will  be  found  in  the  letter 
of  transmittal. 
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Appendix     A. 


C&e  Commontoealtf)  of  e^assacfmsetts 


In  the  Year  One  Thousand  Nine  Hundred  and  Thirty-Nine. 


An  Act  relative  to  the  construction  of  additional 
sewers  and  sewerage  works  in  the  north  and 
south  metropolitan  sewerage  districts. 

1  Whereas,  The  deferred  operation  of  this  act  would 

2  tend   to   defeat  its  purpose,   therefore  it  is  hereby 

3  declared  to  be  an  emergency  law,  necessary  for  the 

4  immediate    preservation   of    the   public   health    and 

5  convenience. 

Be  it  enacted  by  the  Senate  and  House  of  Repre- 
sentatives in  General  Court  assembled,  and  by  the 
authority  of  the  same,  as  follows: 

1  Section  1.     Subject  to  the  conditions  hereinafter 

2  imposed,    the    metropolitan    district    commission    is 

3  hereby   authorized   and   directed   to    carry   out    the 

4  following  projects:  — 

5  Project  1.    To  construct  storm  overflow  conduits  in 

6  the  valley  of  Alewife  brook  for  the  purpose  of  pro- 

7  viding  relief  from  overflows  in  said  valley  and  in  the 

8  Mystic  river. 
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9       Project  2.     To  construct  a  storm  relief  conduit  for 

10  the  purpose  of  providing  relief  from  storm  overflows 

11  at  the  lower  end  of  the  larger  Arlington  branch  sewer 

12  and  in  the  Mystic  river. 

13  Project  3.    To  construct  a  conduit  in  the  valley  of 

14  the  Aberjona  river  for  the  purpose  of  providing  a 

15  sewer  outlet  for  the  northern  portions  of  Reading  and 

16  Woburn   and   relief  for  the   existing  Woburn   trunk 

17  sewer. 

18  Project  4-     To   construct  storm   overflow   conduit 

19  for  the  purpose  of  providing  relief  from  overflows 

20  from  the  lower  Maiden  branch  sewer  and  the  Old 

21  Maiden  branch  sewer. 

22  Project  5.    To  construct  an  extension  of  the  north 

23  metropolitan  relief  sewer  from  East  Boston  to  Deer 

24  island,    including    a    pumping    station    and    appur- 

25  tenant  works,  at  East  Boston. 

26  Project  6.     To  construct  a  storm  overflow  conduit 

27  on  the  northerly  side  of  the  Charles  river  for  the 

28  purpose    of   providing    relief   from   storm   overflows 

29  into  the  Charles  River  basin,  including  a  pumping 

30  station  and  appurtenant  works. 

31  Project  7.     To  construct  a  sewage  treatment  plant 

32  and  appurtenant  works  at  Deer  island  in  the  city  of 

33  Boston. 

34  Project  8.     To  provide  sludge  disposal  equipment,' 

35  including  one  sludge  boat,  for  the  north  metropolitan 

36  sewerage  district. 

37  Project  9.     To  construct  storm  overflow  conduits 

38  on  the  southerly  side  of  the  Charles  river  for  the 

39  purpose  of  providing  relief  from  storm  overflows  into 

40  the  Charles  River  basin,  including  a  pumping  station 

41  and  appurtenant  works. 
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42  Project     10.     To    construct    a    sewage    treatment 

43  plant  and  appurtenant  works  at  Nut  island  in  the 

44  city  of  Quincy. 

45  Project    11.      To   provide    sludge    disposal   equip- 

46  ment,  including  one  sludge  boat,  for  the  south  metro- 

47  politan  sewerage  district. 

48  For  such  purposes,  the  said  commission  may  exercise 

49  all  the  powers  conferred  upon  it  by  chapter  ninety- 

50  two  of  the  General  Laws,  relative  to  the  construction, 

51  maintenance  and  operation  of  systems  of  sewage  dis- 

52  posal.    For  the  purpose  of  carrying  out  said  projects, 

53  including  any  expenditures  on  account  of  the  pur- 

54  chase  or  taking  of  land  or  damages  to  land  occasioned 

55  by  the   construction  hereinbefore  provided  for,   the 

56  said  commission  may  expend  sums  not  exceeding,  in 

57  the  aggregate,  dollars;   provided, 

58  that  not  less  than  forty-five  per  cent  of  the  sums  so 

59  authorized  to  be  expended  are  made  available  from 

60  grants  of  federal  money. 

1  Section  2.     No  such  project  shall  be  entered  into 

2  unless  it  is  approved,  as  hereinafter  provided,  by  the 

3  emergency  public  works  commission,  established  under 

4  section  one  of  chapter  three  hundred  and  sixty-five  of 

5  the  acts  of  nineteen  hundred  and  thirty-three,  and 

6  by  the  governor.    Said  emergency  public  works  com- 

7  mission  shall,  in  addition  to  the  powers  and  duties 

8  heretofore  conferred  and  imposed  upon  it,  exercise 

9  and  perform  the  powers  and  duties  hereinafter  con- 

10  ferred  or  imposed  upon  it,  and  the  provisions  of  said 

11  section  which  relate  to  action  by  said  commission 

12  shall  apply  in  the  case  of  action  under  this  act.    Said 

13  projects,  when  so  approved,  shall  be  carried  out  in 
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14  all  respects  subject  to  the  provisions  of  the  appro- 

15  priate  federal  law  providing  for  construction  of  proj- 

16  ects  of  that  class,  and  the  rules  and  regulations  made 

17  pursuant  thereto,  and  to  such  terms,  conditions,  rules 

18  and  regulations,  not  inconsistent  with  such  federal 

19  laws  and  rules  and  regulations,  as  said  commission 

20  may  establish,  with  the  approval  of  the  governor,  to 

21  ensure  the  proper  execution  of  said  projects.     The 

22  commonwealth  may  accept  and  use  for  carrying  out 

23  said  projects  so  approved  any  grant  of  federal  funds 

24  under  any  federal  law,  authority  to  make  application 

25  therefor  being  hereby  granted  to  the  said  emergency 

26  public  works  commission.     For  the  purpose  only  of 

27  carrying  out  said  projects,  the  state  treasurer  may 

28  from  time  to  time  borrow,  on  the  credit  of  the  com- 

29  monwealth,  such  sums  not  exceeding,  in  the  aggre- 

30  gate,  dollars,  and  may  issue  in  one  or  more 

31  series  bonds,  notes  or  other  forms  of  written  acknowl- 

32  edgment  of  debt,  hereinafter  referred  to  as  obligations. 

33  Each  series  shall  carry  such  rates  of  interest  as  the 

34  state  treasurer  may  fix,   with  the   approval  of  the 

35  governor,  and  shall  be  payable  serially  in  such  amounts 

36  and  at  such  times  as  the  state  treasurer  may  deter- 

37  mine,  with  the  approval  of  the  governor;    provided, 

38  that  the  principal  payments  of  each  series  shall  be 

39  made  annually  in  amounts  as  nearly  equal  as  may  be. 

40  The  obligation  last  payable  of  any  series  issued  for 

41  the  purpose  of  carrying  out  said  projects  shall  become 

42  due  not  later  than  such  number  of  years  from  the 

43  date  of  the  obligations  of  such  series  as  the  governor 

44  may  recommend  to  the  general  court  in  accordance 

45  with  section  three  of  Article  LXII  of  the  amendments 

46  to  the  constitution  of  the  commonwealth. 
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47  All  obligations  issued  under  this  act  shall  be  signed 

48  by  the  state  treasurer  and  approved  by  the  governor. 

49  All  obligations  issued  under  this  act  shall  be  pay- 

50  able,  as  to  both  principal  and  interest,  in  such  funds 

51  as  are,  on  the  respective  dates  of  payment  of  such 

52  principal  and  interest,  legal  tender  for  the  payment  of 

53  debts  due  the  United  States  of  America. 

54  All  interest  payments  and  payments  on  account  of 

55  principal  on  such  obligations,  in  so  far  as  the  proceeds 

56  of  such  obligations  are  used  to  meet  the  cost  of  proj- 

57  ects  1  to  8,  inclusive,  hereunder  and  the  cost  of  main- 

58  tenance  and  operation  of  the  sewerage  works  con- 

59  structed  under  said  projects  1  to  8,  inclusive,  shall 

60  be  deemed  to  be,  and  shall  be  paid  as,  a  part  of  the 

61  interest,  sinking  fund  or  serial  bond  requirements  and 

62  costs  specified  in  chapter  four  hundred  and  thirty- 

63  nine  of  the  acts  of  eighteen  hundred  and  eighty-nine 

64  and  acts  in  amendment  thereof  and  in  addition  thereto 

65  and  affecting  the  same,  and  shall  be  apportioned,  as- 

66  sessed  and  collected  in  the  manner  provided  by  the 

67  provisions  of  chapter  ninety-two  of  the  General  Laws 

68  relative  to  the  north  metropolitan  sewerage  system; 

69  and  all  interest  payments  and  payments  on  account  of 

70  principal  on  such  obligations,  in  so  far  as  the  proceeds 

71  of  such  obligations  are  used  to  meet  the  cost  of  projects 

72  9  to  11,  inclusive,  hereunder  and  the  cost  of  mainte- 

73  nance  and  operation  of  the  sewerage  works  constructed 

74  under  said  projects  9  to  11,  inclusive,  shall  be  deemed 

75  to  be,  and  shall  be  paid  as,  a  part  of  the  interest, 

76  sinking  fund  or  serial  bond  requirements  and  costs 

77  specified  in  chapter  four  hundred  and  twenty-four  of 

78  the  acts  of  eighteen  hundred  and  ninety-nine  and 

79  acts  in  amendment  thereof  and  in  addition  thereto 
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80  and  affecting  the  same,  and  shall  be  apportioned,  as- 

81  sessed  and  collected  in  the  manner  provided  by  the 

82  provisions  of  chapter  ninety-two  of  the  General  Laws 

83  relative  to  the  south  metropolitan  sewerage  system. 

1  Section  3.    No  payment  shall  be  made  or  obliga- 

2  tion  incurred  for  the  carrying  out  of  said  projects 

3  upon  their  approval  by  the  said  emergency  public 

4  works  commission  and  the  governor,  and  their  ap- 

5  proval  for  federal  aid  by  the  proper  federal  authori- 

6  ties,  until  plans,  specifications  and  contracts  therefor, 

7  and  alterations  thereto  subsequently  proposed,  have 

8  been  approved  by  the  said  commission,  unless  other- 

9  wise  provided  by  such  rules  or  regulations  as  the  said 
10  commission  may  make. 

1  Section  4.     The  state  treasurer  shall  receive  all 

2  moneys  granted  to  the  commonwealth  for  the  pur- 

3  pose  of  carrying  out  the  projects  provided  for  by 

4  this  act.     Payment  from  the  state  treasury  for  ex- 

5  penditures   incurred   under   this   act   shall   be   made 

6  upon  vouchers  filed  with  the  comptroller  in  accord- 

7  ance   with   the   procedure   prescribed   under   section 

8  eighteen  of  chapter  twenty-nine  of  the  General  Laws, 

9  and  all  other  provisions  of  said  chapter  twenty-nine 

10  shall  apply  in  the   case   of  the  project  undertaken 

11  under  this  act  or  any  expenditure  necessary  for  car- 

12  rying  out  the  purposes  hereof,  except  in  so  far  as 

13  such  provisions  of  law  may  be  in  conflict  with  ap- 

14  plicable  federal  laws  and  regulations. 

1  Section  5.    The  metropolitan  district  commission, 

2  in  addition  to  any  powers  expressly  given  by  statute, 

3  shall  have  such  powers  as  may  be  determined  and 
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4  certified  by  the  said  emergency  public  works  com- 

5  mission  to  be  proper  and  reasonably  necessary  to 

6  carry  out  said  projects,  including  the  power  to  take 

7  property  by  eminent  domain  on  behalf  of  the  com- 

8  monwealth.     The  said  emergency  public  works  com- 

9  mission  is  hereby  authorized  to  make  any  necessary 

10  orders,  rules  and  regulations,  and  perform  all  neces- 

11  sary  actions  under  this  act;   and  none  of  such  orders, 

12  rules,  regulations  and  actions  shall  be  declared  in- 

13  operative,  illegal  or  void  for  any  omission  of  a  tech- 

14  nical  nature  in  respect  thereto. 

1  Section  6.    In  order  to  provide  funds  to  carry  out 

2  the  projects  provided  for  under  the  provisions  of  this 

3  act,  over  and  above  the  amount  authorized  to  be 

4  borrowed  by  the   commonwealth  under  said  provi- 

5  sions,  in  anticipation  of  the  receipt  by  the  common- 

6  wealth  of  contributions  therefor  due  from  the  federal 

7  government  under  agreements  for  grants,  the  state 

8  treasurer,  with  the  approval  of  the  governor,  may 

9  borrow  from  time  to  time,  on  the  credit  of  the  com- 

10  monwealth,  such  amounts  as  may  be  certified  by  the 

11  emergency  public  works  commission  to  be  necessary 

12  to  provide  such  temporary  funds,  but  not  exceeding 

13  at  the  time  of  any  such  certification  the  balance  of 

14  such  federal  grants  then  remaining  unpaid,  and  the 

15  state  treasurer  may  issue   and  renew  notes  of   the 

16  commonwealth  therefor,  bearing  interest  payable  at 

17  such  times  and  at  such  rates  as  shall  be  fixed  by  him, 

18  with  the  approval  of  the  governor.     Such  notes  shall 

19  be  issued  for  such  maximum  term  of  years  as  the 

20  governor  may   recommend   to   the   general   court   in 

21  accordance  with  section  three  of  Article  LXII  of  the 

22  amendments    to    the    constitution    of   the    common- 
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23  wealth.     All  notes  issued  hereunder  shall  be  signed 

24  by  the  state  treasurer,  approved  by  the  governor  and 

25  countersigned  by  the  comptroller. 

1  Section  7.     The  metropolitan  district  commission 

2  shall,  upon  the  completion  by  the  city  of  Boston  of 

3  the   sewage    treatment   plant    of    the   Boston   main 

4  drainage   system,   dispose   of   the   sludge   from   said 

5  treatment  plant. 
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Appendix    B. 


C&e  Commontoealtb  of  epwrntbumtz 


In  the  Year  One  Thousand  Nine  Hundred  and  Thirty-Nine. 


An  Act  relative  to  the  construction  of  additional 
works  in  the  boston  main  drainage  system  in  the 
city  of  boston. 

Be  it  enacted  by  the  Senate  and  House  of  Repre- 
sentatives in  General  Court  assembled,  and  by  the 
authority  of  the  same,  as  follows: 

1  Section  1.    The  city  of  Boston,  hereinafter  called 

2  the  city,  acting  through  the  public  works  department 

3  of  the  city,  hereinafter  called  the  department,  shall 

4  lay  out  and  construct  a  sewage  treatment  plant  at 

5  Moon  island  in  the  city  of  Quincy  and  incidental  work 

6  at  Calf  pasture  in  the  Dorchester  district  of  the  city 

7  at  a  total  cost  not  exceeding  dollars ;  may 

8  construct  a  relief  sewer  from  the  Stony  brook  inter- 

9  cepting  sewer  to  the  main  intercepting  sewer  in  the 

10  Roxbury  district  of  the  city  of  Boston  at  a  total  cost 

11  not  exceeding  dollars;  and  may  construct 

12  a  pumping  station  at  or  near  East  Concord  street  in 

13  the  city  proper  district  of  the  city  at  a  total  cost  not 

14  exceeding  dollars;     provided,    that    do 

15  project  provided  by  this  section  shall  be  commenced 

16  unless  and  until  sums  sufficient  to  meet  forty-five  per 
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17  cent  of  the   cost   thereof  are  made   available   from 

18  grants  of  federal  money. 

1  Section  2.     No  such  project  shall  be  entered  into 

2  unless  it  is  approved  by  the  emergency  finance  board, 

3  established  under  section  one  of  chapter  three  hun- 

4  dred  and  sixty-six  of  the  acts  of  nineteen  hundred  and 

5  thirty- three. 

1  Section  3.    The  city  shall  have,  in  addition  to  any 

2  powers   given  by  statute,   such  powers   as  may  be 

3  proper  and  reasonably  necessary  to   carry  out  the 

4  preparation  of  plans  and  specifications  and  the  mak- 

5  ing  of  borings  for  said  projects,  or  any  of  them. 

1  Section  4.     For  the  purposes  of  this  act,  the  de- 

2  partment  may  employ  such  additional  employees  as 

3  may  in  its  judgment  be  required  and  as  may  be 

4  approved  by  the  mayor. 

1  Section  5.    To  meet  the  cost  to  the  city  of  carry- 

2  ing  out  said  projects,  the  treasurer  of  the  city,  with  the 

3  approval  of  the  mayor,  may,  from  time  to  time,  issue 

4  and  sell  at  public  or  private  sale  bonds  of  the  city  to 

5  an  amount  sufficient  to  provide  funds  for  the  pay- 

6  ment   of   said   cost   but   not   exceeding   the   sum   of 

7  dollars,  which  bonds  shall  bear  on  their 

8  face  the  words,  City  of  Boston,  Special  Sewer  Loan, 

9  Act  of  1939.     Each  authorized  issue  shall  constitute 

10  a  separate  loan,  and  such  loans  shall  be  payable  in 

11  not  more   than  forty  years  from  their  dates.     In- 

12  debtedness  incurred  hereunder  shall  be  outside  the 

13  statutory  limit  of  indebtedness,  and  shall,  except  as 

14  herein  provided,  be  subject  to  the  provisions,  appli- 
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15  cable  to  the  city  of  Boston,  of  chapter  forty-four  of 

16  the  General  Laws,  as  amended,  exclusive  of  the  limi- 

17  tation   contained  in   the   first  paragraph   of   section 

18  seven  thereof. 

1  Section  6.     This   act   shall   take   effect  upon  its 

2  passage. 


D17  M 


Massachusetts.  House.  Special 
Commission  Investigating  Systems 


of  Sex^erage  and  Sewage  Disposal 
in  the  North  and  South  Metropo- 
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